
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD840382

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Administrative/Operational Use; 31 JUL
1967. Other requests shall be referred to
Defense Atomic Support Agency, Washington, DC
20305.

DASA ltr 19 Apr 1971



-^^—J 

J)    L 

r 



... 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



mim  CARBIDE CORPORATION 

DEFENSE ANT SPACE SYSTEMS DEPARTMENT 

UCC/DSSD - 299 

Final Report 

LOW ENERGY PHOTOELECTRIC CROSS 
SECTION CALCUIATIONS 

Vol. II: Program Description 

A. Click and H. Brysk 

July 51, 1967 

0CT3  im 
:V; 

uc: 

u ^ i^auii' 

Work Performed under Contract No. DA-U9-IU6-XZ-5II 

Each transmittal of this document outside 
the agencies of the U.S. Government must 
have prior approval of the Director, Defense 
Atomic Support Agency, Washington, D.C. 20305. 

Space Sciences and Engineering Laboratory 
5 New Street 

White Plains, New York 10601 



FOREWORD 

This report was prepared by the Unicn Carbide Corporation, Defense 

and Space Systems Department, White Plains, New York, under Contract IA-U9-IJ46-XZ-5II, 

Project 5710, funded by the Defense Atonic Support Agency (DASA). Inclusive 

dates of research were 1 June 1966 to 30 June 1967. The report was submitted 

51 August 1967 by the AFWL Technical Monitor, Captain Guy Spitale (WLRP). 

The report has been divided into two volumes for convenience. Vclume I 

presents the theoretical analysis and the discussion of results. Volume II is 

a detailed description of the program. 

The project was initiated and formulated by Dr. C. D. Zerby. The 

theoretical derivation was canpieted by Dr. H. Brysk, who also planned and 

analyzed the calculations. Programming support was supplied by Mr. A. Click 

in writing the program and by Mr. E. C. Imperatore in resolving the systems 

problems of transcribing the tapes containing the Los Alamos Scientific Laboratory 

(IASL) self-consistent-field data to the UCC and the AFWL operating systems. 

The program is written in FORTRAN IV and is operational on the CDC 6600 computer 

at AFWL. We thank Dr. J. T. Waber (of IASL) who supplied us the output of 

his self-consistent-field program on tape. 

This report has been reviewed and is approved. 
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ABSTRACT 

A computer program was developed for the calculation of photoelectric 

cross sections, including angular distributions, using as input the results of 

a relativistic Dirac-Slater self-consistent-field program. The program was 

used to calculate the aluminum cross sections over the range from 1 to 150 keV 

and uranium cross sections at four energies within that range, and the results 

were correlated with pre-existent experimental and theoretical data. 

Volume I presents the theoretical analysis and the discussion of 

results. Volume II is a detailed description of the program. 

- 111 - 
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I.    IHTROEUCTION 

« 

This volume is a self-contained description of a prograa (PELEC) for 

the computation of photoelectric cross sections. The companion volume 

^JCC/DSSD - 299» Voiume I) develops the theory used and discusses the results 

obtained with the program. 

ChapteT-U vjontains the operating instructions. It-deseribes the 

input cards and self-consistent-field data tape required. The utilization of 

a test option to ascertain the optimum input parameters in a series of runs is 

indicated. 

Chapter III presents sample output.' ■ \ • 

Chapter IV eahibits the program itself. For each routine, its purpose 

and the method of achieving it are stated. The routines it calls and those it 

is called by are given, as well as the Common blocks it uses and the calling 

sequence (if any). The variables are defined. A schematic flow chart is 

provided. Finally, the routine is listed. 
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II. OPERATING INSTRUCTIORS 

0 

This chapter gives all the operational details needed in order to 

run the photoelectric program. The input variables and fonnat are listed, 

along with the program diagnostics. Tape unit assignments are given and the 

test option is described. 

Input Variables 

A complete set of data consists of a single data card. The variables 

described below ave read in on a format (915» 2E15.8): 

?  10 1? 20 25   30 35 ^0  ^5 60 
JM mx IM   NTAPE NEDGE IA IB IZ L00P QV SAVE 

JL 

Upon completion of a problem, the program recycles, reading in the 

next data card. Termination of the program is obtained by setting the flag 

value HEDGE = -1. 

 Dimensions Mode Meaning  

JM 

KMAX 

TM 

NTAPE 

HEDGE 

I 

I 

I 

I 

IA 

IB 

IZ 

I^p 

QV 

SAVE 

I 

I 

R 

R 

3 - 

Maximum order of Legendre coefficient 

Maximum H for electron 

Madmum I for photon 

The logical tape unit assigned for tape 
containing the self-consistent-field data 

= -1: terminates Program 
= 0; normal run 
> 0: sets photon energy to HEDGE th 

binding energy 

= 0: normal case 
> 0: calculation conmences after IA shells 

= 0: calculation to include outermost 
shell 

> 0: calculation cuts off after IB shells 

Atomic number 

- 0: normal case 
= 1: photon angular momentum reduction 

Photon energy in keV 

Total cross section accumulation from 
previous run; = 0 ordinarily. 
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Input Testing 

The prograa» sifts the input data to insure that certain criteria are 

not violated. If any difficulty is observed, a violation signal is printed 

and the run terminated. Listed below in abbreviated fom are the criteria 

that nust be satisfied and that the program tests for: 

MIN (JM, KMAX, m,  IA, IB) 2 0 

2 < IZ < 102 

QV> 0 

L^P = 0 or 1 

NEDGE s JX 

IA < JX 

IB i JX 

NK, NKP s 200 

In addition to the above the program examines the following 

variables and alters them if necessary: 

M > 2h,  program sets JM = 2U, prints this fact and proceeds. 

KMAX > 12, program sets KMAX * 12, prints this fact and proceeds. 

IM > 12, program sets IM » 12, prints this fact and proceeds. 

This is to insure that the dimension size of the variable of the 

program as written for the IBM 709^ is not exceeded. 

Program Options 

The program has two option procedures controlled by L00P and by the 

combination of values of IA, IB, and SAVE. 

By setting L^0P = 1, we can reduce the original angular momentum 

quantity LM (max i for photon) in unit increments (until a minimum of one is 

reached). The selection rules may then reduce the range limits KM and JM. The 

summing process is repeated to recalculate the differential and total cross 

sections. 

- k  - 
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By altering the input values IA and IB we can segment a run. The 

prograa proceeds throu^i IB electron shells ratter than the totality of shells 

(JX). The total cross section up to that point can be led back in as part of 

the input (SAVK) when the user desires to continue the run. With IA greater 

than zero, the program starts after the first IA electron shells. This process 

is useful when long computer running tine is not available. 

System Infonaation 

The program as run at the New York Regional Computer Center utilizes 

the following tapes: 

Logical tape unit 5        Read 

Logical tape unit 6        Write 

Logical tape unit 1        Self-consistent-field data 

- 5 
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III. SAMPLE OUTPUT 

The output from an actual run is given. The complete output contains 

the differential cross section for each subshell in succession. Only one 

subshell is reproduced here, for economy. 



«NKOT DM. .OK PHOTOELECKK CALCULATION 

»NHUI CAKU KtAUi 

0    0   U   0 0.10C00Ü0GE C2 C. 
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<l INPÜf ÜA1A KOK HHOTOtLtCTKIC CALCÜLATICfi 

13 = NUCLEAR tMAHGt 
1U.ÜUU = PHOTON LNLK&Y 

o = MAX KAPPA hOK tutCTRON 
4 = MAX L KOR PHOTOf. 
IX S MAX J (LttotNDRL COtKF.) 

TAPE HüblllONtC PKöPtRLY. 

AL = LLLN^WT 
lj = AFJHIC NUi^iEH 
6 = NUMBtrt OF ELECTRON SHELLS 

Ü.19**4J3^ÜL Cü = SCKEtNUJo FACTOR OF CUTERMuST LOUKD j.LECi«.r 
kb7 = RADIAL GRID UP TO X =  1.0 
I*«! = RAtlML G.<1D UP Tu X =  65.U 
1436 = TuTAL RADIAL GRID 

o.dt^aib^L Ot -  CUTLKMUST hA'JIAL tfALUL 

f  ( 

> 



lbl/2 = SHLLL 
Ü.2720927Hc 06  = IMEtoRATION CUT-OHF 

1327 = NUKHER OF WAVE FUNCTICf. GRID POINTS 
b = N'.AA KAPPA FOR THIb ShLLL 

2b = NO:..HhK OF MATRIX ELEMEr.'TS FOR THIS SHELL 

LENGTH UNirb ARE H8AR / MC ( 1 oOHr» RADIUS = 137 ) 

INTEbKATlON bTEP bIZE lb  Ü.CÜ/fcl2b     UP TO    1.0C0 

INIttiKAIlüN blEP bIZfc. lb  U.12boUÜÜ     UP TO   65.Ü00 

INltbKAllÜN bTEP bIZt lb  i.UUUCUUa     UP TO P.7Z.'i93 

10 
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o 
11 = MAX J (LcbuNliKL COcFF.) 
b = MAX KAHPA »-ÜH tLLCr.-iOf. 
•♦ = MAX L FOR PHOTC'f. 

LttitNÜKt COtFFIClLNTb Of- CKObS StCTIOi 

J LHJ) 

i u,,5«*imi*tyt ck. 
Z -ü./bJUüüb2E.   Ui: 
A -üo^lövböt ük: 
«♦ -ü.a^vbb/fc«**-: ui 
t> -u.lb^*b<:k^^c. ui 
b -U.2üd4bblbE   UU 
/ -U.if4oibUb'*t-01 
b -u.aubbyyboE-Ui: 

0 

c 

h 
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ELfcMENT ATOMIC NUMBER 

Ab, 13 

HINÜ1N6 ENLR&Y PHOTON ENERGY 

l.bHVyjJüy KtV 10.0000000 KEV 

SHELL 

1S1/P 

ELECTRON KINETIC  EMEP5Y 

P. •♦500691  KEV 

iHtlA 

Ü 

b 
B 

1Ü 
12 
1* 
lb 
16 

22 
2«* 
2b 
2Ü 

32 
44 
3fa 
iö 
•♦U 

^b 
*b 
t>ü 
b2 
b«* 
bo 
b8 
bU 
b2 
bt 
bb 
bb 
m 

in 
7b 
78 
bU 
02 
b«* 

UNHOLAKIZEU CKübS SECTION (flARfiS/STERADIAN) 

COb THETA CROSS SLCTICIl 

.00000U0 

.9993906 

.9975b'»0 

.99H5219 

.9902bbl 

.9643078 

.y781'*76 

.9702957 

.tibl2bl7 

.9510bb5 

.y39b«*2b 

.9271839 

.9135Ubb 

.69879«i0 

.6829476 

.86b02b(» 

.3HB0«tbl 

.029037= 

.6090170 

.788010P 

.7bbf)U44 

.7U31«t4fl 

.7193398 

.b9«»6bü«l 

.bb913üb 

.6U27876 

.ol56blb 

.b877äb3 

.bb9ly29 

.^299153 

.bOUOUUO 

.«♦b9U716 

.4^83712 

.4007366 

.3746übb 

.3420202 

.3090170 

.27bb374 

.2419219 

.2079117 

.173h4&2 

.1391731 

.lU4b2eb 

0.104827c5t-Ül 
0.31837447E 0.1 
ö.12387132E 01 
0.27615944E 01 
0.4e706bD3f 01 
0.754335ü5E 01 
0.107513U3E 02 
0.14460679E 02 
0.186327H7E 02 
0.23224424E 02 
0.2813e*J94E 02 
0.334762aiE 02 
0.39034332E 02 
0.44809i27E 02 
0.507Hb7.j7? 02 
0.56789170E 0? 
0.62834'jalf 02 
0.b897fl2H9E 02 
Ü.750ie242r 02 
0.809b4öy6E 02 
0.667404olE C2 
0.92331495E 0.: 
0.97637210E 02 
0.10277077E 03 
0.1075493IE 03 
0.111994Ü6E 03 
0.1160PÜ47E 03 
G.1197eöl9E 03 
C.123101U7E 
11.126007U2F 
0.128497^4? 03 
0.13056947F 03 
0.1322?UJ4E CJ 
0.13345^^9? 
0.13427632? 
D.134bo«*i.3F 
0.13471S'7frF 
0.134365bCr 
0.13364öbOF 
0.132579V5F 
Ü.1311P2l.»6P: 
0.12947L;J6F 0:i 
0.12747i;y3F. Ow 

O.i 
Oi 

03 

05 
03 
c: 
Oo 

o.. 

AN6. OIST. 

0.0000778 
0.0023632 
0.0091947 
0.0204966 
0.0361540 
0.0559929 
0.0796049 
0.1073389 
0.1383074 
0.1723906 
0.2092409 
0.2484882 
0.2897446 
0.3326098 
0.3766766 
0.4215355 
0.4667S0U 
0.5120127 
0.5568465 
0.6009117 
0.6436564 
0.6853596 
0.7251140 
0.7628484 
0.7933186 
0.6313111 
0.8616424« 
0.8391655 
0.9137564 
0.9353266 
0.9530164 
0.969193C 
0.9814509 
0.9906067 
0.9967063 
0.9998116 
1.0000000 
0.9973702 
0.9920340 
0.5841149 
0.9737468 
C.9610716 
0.9462376 

12 
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0 

o 

«0 
«t 

96 
9a 
100 
IQi 
10» 
10b 
100 
11U 
112 
im 
116 
110 
120 
122 
12H 
12b 
128 
UU 
132 
13« 
136 
i^a 
140 
1»2 
!•»*» 
14b 
i«e 
ibU 
ib2 
ibH 
Ibb 
i5Ö 
IbU 
lb2 
164 
ibb 
168 
17U 
17 ^ 
IT* 
176 
178 
180 

0.0697565 
0.0308995 
0.0000000 
-0.0360995 
-0.0697566 
-0.106520b 
-0.1391791 
-0.1730602 
-0.2079117 
-0.2619219 
-0.2756373 
-0.3090170 
-U.3620201 
-0.3766066 
-0*4067366 
-0.«303711 
-Ü.<»b9b7lb 
-O.bOOOOOO 
-U.5299192 
-0.5591929 
-0.b877852 
-0.6156615 
-0.6427676 
-0.6691306 
-ü.6966533 
-C.7193398 
-Ü.7431648 
-0.7660444 
-0.7880107 
-0.8090170 
-0.8290376 
-0.8480461 
-b.86b0254 
-0.8829476 
-Ü.öy87940 
-Ü.9135454 
-u.9271638 
-U.9J96926 
-0.9^10565 
-0.9612617 
-0.9702957 
-0.9781476 
-0.9848078 
-0.9902681 
-u.9945219 
-ü.9975640 
-0.9993908 
-l.0000000 

0.12520026E 03 
0.12269060^ 03 
0.11994453E 03 
0.11699190E 03 
0.11305362E 03 
0.11055058E 03 
0.10710323E 03 
0.1035S1S6E 03 
0.99054979E 02 
0.96092227E 02 
0.92261351E 02 
0.88379639E 02 
0.84463592E 02 
0.8052B891E 02 
0.76S904ü3E 02 
0.72662151E 02 
0.68757333E 02 
0.64888321E 02 
0.61066t>79E 02 
0.57303176E 02 
0.536078U5E 02 
0.499d9820E 02 
0.46457748E 02 
0.43019425E 02 
0.396820<ieE 02 
0.3645S100E 
0.33335594E 
0.30337900E 02 
0.27463Ü/1E 0t 
0.24717871E 02 
0.22103603E 02 
0.19625136E 02 
0.172849'.7E 02 
0.15085945E 02 
0.l303050f.E 02 
0.11120710F 02 
0.q35d34u0E 01 
0.77449520F 01 
0.6281Roti6E 01 
0.49702Cfc4F 01 
0.3810917SE Cl 
0.28047778E 01 
0.19524343F: 01 
0.12544079E 01 
0.711096c<+E 0ü 
0.32280832E 00 
0.89733443E-01 
0.12053iH2E-01 

02 
02 

0.9293979 
0.9107082 
0.6903260 
0.8684001 
0.8451144 
0.8205965 
0.7950075 
0.7684956 
0.7412050 
0.7132748 
0.6848389 
0.65f.0257 
0.6269576 
0.5977510 
0.5685164 
0.5393577 
0.51P37P9 
0.4816540 
0. «»532866 
0.4253509 
0.3979208 
0.3710652 
0.34Ue472 
0.31Q3P52 
0.29^5523 
0.2705772 
0.2474439 
0.2251926 
0.^:03^592 
n.13^4762 
0.16^072U 
n.l4f:6737 
0.1283030 
0.11J9602 
0.0967230 
0.082547r 
0.'Jn946fi2 

C.0466291 
0.0368929 
0.0282977 
0.020819? 
C. 0144926 
0.0093112 
0.flüc.27£3 
0.0023961 
0.00066f2 
0.00008o5 

INTEGRATED CROSS SECTION Ü.106b0597E   04  i'AR M? 

c 
- 15 

T 
»^ij^ijijjijjggiipjijai^ste*«»«*« *■*«**■**«•«*■ ^ 



ELEMENT ATOMIC NUMBER 

AL 13 

PHOTON ENERGY =   10.0000000 KEV 

TOTAL CROSS SECTION = 0,m61591E 04 BARNS 
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IV. THE PROGRAM 

The program is written in POPTRAN IV, The versions used on the 

IBM 709^ and the CDC 6600 are identical except for control cards. The data 

tapes contain the same infonnation in binary form, but are not compatible 

between the two machir^s, 

AU the Common blochs appear in the main routine (PELEC). The 

definition of the Conmon variables is given first. In the subroutines, Cocnnon 

blocks used are quoted. The unlabelled Common is the same wherever it appears. 

C 
15 - 
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Definition of Variables in COMCK 

Uniabelled Conaon: Length   107ft 

Name Dimensions Mode Meaning 

PI R n 

HALFPI R "/a 

F0BSI R U n 

RAD R "/ISO 

SQ2 R 2 ■1/2 

o 
Q R     Photon energy (in mc xuiits) 

ZA R     Atomic number 

ZAZA R     ZA * ZA 
o 

EFN R     Free electron energy -1 (in mc units) 
o 

E(2I R Free electron energy +1 (in mc units) 

V R Potential; screening factor/radius 

CG 30         R -H - Y if radius < 1; -K if radius > 1 

GAM 50         R VH - ZAZA 

/BESSEL/ Common:        Length ^20g 

Name Dimensions Mode Meaning  

Numerical factors used in the 
construction of the spherical 
Bessel function. 

Largest order of Bessel function needed 

Ml + 1 

Spherical Bessel function 

FL 15 R 

PC 15 R 

0F 15 x 15 R 

Ml I 

M2 I 

B 15 R 

16 
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/DFUHC/ Cannon: 

Name      Dimensions 

Length lOUTg 

Mode Meaning 

F 

0F 

DG 

DFK 

DFKP 

CF 

H 

50 

50 

50 

50 

200 

200 

50 

/FAC/Comnion: 

Name      Dimensions 

R     "Small" component of free-electron 
wavefunction 

R     "Large" component of free-electron 
wavefunction 

R     Derivative of F 

R     Derivative of G 

R     Integrand for matrix elements K (xx') 
X 

H     Integrand for matrix elements K (H'H) 
Mr 

R     K - Y if radius < 1; K if radius > 1 

R     Integration step size 

Length 52Ufi 

Mode Meaning 

FACT 

RTFACT 

R40T 

67 

95 

50 

/FIDp/ Common: 

Name      Dimensions 

R-\ 

R 

R J 

Length ikS^ 

Hoc, Meaning 

Numerical factors used in the calcula- 
tion of the Clebsch-Gordan coefficients. 

FI 

D 

JMP 

NAME 

SHELL 

QV 

EB 

IZ 

50x 15      R 0(H,\) 

50        R Legendre coefficient of cross section 

I Max. order of Legendre coefficient + 1 

ALFA Element 

ALFA Electron shell 

R Photon energy (in keV units) 

R Binding energy of shell (in keV units) 

I Atomic number 

17 
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/KU?/ Conenon: 

Name      Dimensions 

Length SUQ 

Mode Meaning 

RK1 

RK2 

RK3 

BKU 

KU 

U 

h 

h 

k 

h 

V the Runge-Kutta integration 
(Gill Fom) 

/LIMIT/ Common: 

Name      Dimensions 

R 

I J 

Length 156 

Mode Meaning 

JM 

IM 

KM 

K2M 

IEND 

NEW 

NK 

NKP 

JKB 

IMKB 

NTAB 

I Max order of Legendrc; coefficient 

I Max l  for photon 

I Max H for free electron 

I 2 * KM; number of free electron states 

I Flag for zero electron kinetic energy state 

I Flag to save repetition of calculation when 
radius is not advanced 

I Number of matrix elements K (HK') 

I Number of matrix elements K (K'H) 
At 

1 Twice j , 

1 '-H' 

I Radial index in bound state tabulation 

/MAT/ Common: 

Name      Dimensions 

Length 1555 

Mode 

8 

Meaning 

SF 

SG 

FK 

FKP 

50 

50 

200 

200 

R 

R 

Integration storage variable for "small" 
component of free electron wavefunction 

Ingegration storage variable for "large" 
component of free electron wavefunction 

Matrix elements K (KH') 
Ju 

18 - 
Matrix elements K^H'H) 

P 
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Dimensions Mode 

0 
Meaning 

SFK 

SFiJ 

HCÜT 

200 

200 

Integration storage variable for matrix 
elements KJHK') 

Integration storage variable for matrix 
elements K (H'H) 

X 

Cut-off radius for integration 

/QUART/ Coamon: 

Hane Dimensions 

Length 522g 

Mode Meaning 

LK 

IKK 

JK 

FKAP 

SN 

SI 

CR 

50 

50 

50 

50 

50 

50 

50 

I 

I 

I 

R 

R 

R 

R 

-H 

Twice JH 

H 

Sign of K 

Sine of phase shift 

Cosine of phase shift 

/ONWARD/ Common: 

Name      Dimensions 

Length UQ 

Mode    Meaning 

RX 

SCX 

GBX 

FBX 

R     Radial variable beyond radial cutoff on 
uniform grid tabulation 

R     Interpolated value of screening factors 

R     Interpolated value of "large" component 
of wavefunction 

R     Interpolated value of "small" component 
of wavefunction 

C 

/TAPES/ Common: Length 155628 

Name      Dimension Mode Meaning 

X        1500 R Radial value 

SCF         1500 R Screening factor 

FB          1500 R "Small" cemponen 
wavefunction 

- 19 



Ni Dimensions Mode Meaning 

GB 1500 R "Large" component of bound state 

R 

wave function 

GAMB v K2 - ZAZA for bound state 

SCREEN R Normalization factor for least bound 
electron 

/TKANS/ Caemon: Length 1700e 

Name Dimensions Mode Meaning 

HF 50 x 15 R H (KJH1) for n' > 0 

HFM 50 x 15 R H (H,*!1) for n' < 0 

JNG 50 I (-n') nax + 1/2 

JPS 50 I (M ') max + 1/2 provided ji' > 0 permitted 
-1 otherwise 

/VECT/ Common: Length iw.i8 

Name Dimensions Mode Meaning_ 

KF 200 I Index for K values for K/H'H) 

KG 200 I Index for H values for K (H H') 

LEES 200 I Photon angular momentum + 1 for K (H* H) 

LBS 200 I Photon angular momentum + 1 for K (H H1) 
MI 

LKB I K' 

20 
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Ö 
ROUTINE PELEC 

Purpose:     This is the main program. It serves as the control section, 

reading the input cards and the tape containing the self- 

consistent-field data and setting up the calculations. Nearly 

all the actual computation is done in subroutines. 

Method:     Numerical constants are camputed and stored, the input read and 

checked (and diagnostics printed, if needed), then printed with 

interpretation the tape is scanned for the element required and 

the data read from it and interpreted. For each subshell, 

SINDEX' is called to set up the matrix elements and their quantun 

numbers, RADINT to perform the radial integrations. LEGEND is 

called to perform the angular momentum sums, ANGLE to produce 

the differential cross section (headings axe supplied for the 

tables printed in the subroutines); if the matrix reduction 

option is called for, the cutoff values of the quantum numbers 

are reduced and the program loops back through the angular sums. 

The total cross section is accumulated in PELEC and printed 

out, "Hie program recycles to read the next input card and 

perform the next case, until a flag on the input card signals 

termination. 

Subroutines called: SINDEX, RADINT, LEGEND, ANGLE, HUM 

Variables in unlabelled Common: PI, HALFPI, F0URPI, RAD, S02, Q, ZA, ZAZA, 

EFN, EGN, V, CG, GAM 

Labelled Conrnon:    BESSEL, DFUNC, FAC, FHW, KUT, LIMIT, MAT, QUANT, MNWARD, 

TAPES,  TRANS, VECT 

C 

21 



Local Variables: 

Name Dimension Mode Meaning 

KMAX 

NTAPE 

IJEDuE 

IA 

IB 

LW 

QV 

SAVE 

IZ 

::GRID 

ISIXFI 

ItflJE 

RSIXFI 

MWE 

ZTRY 

JX 

m 
XL 

XJ 

XZ 

36 

36 

56 

36 

I     Input max K for free electron 

I     The logical tape unit assigned for tape 
containing the self-consistent-field 
data 

I     = -1 terminates prograr. 
= 0 normal run 
= integer  sets photon energy to NEDGEth 
binding energy 

I     =0 normal case 
> 0 calculation conr.ences after IA shells 

I     =0 calculation includes outermost shell 
> 0 cuts off calculation after IB shells 

I     =0 normal case 
= 1 for photon angular r.or.en*ur. reduction 

R     Input photon energy in keV 

R     Input total cross section; accumulation 
from previous run; = 0 otherwise 

I     Input atomic number 

I     iäunber of rrid points in table 

I     Number of grid points for radial value 
of 6i) (1/2 Bohr unit) 

I     Number of grid points for radial value of 
one 

R Radial value of 6^ read from tape 

R Radial value of one, read from tape 

R Atomic number read from tape 

I Number of electron shells 

ALFA Shell identification 

R        V 
R    JH, 

R     Shell occupancy 

-»wwAaafwaaa« 



gage      Dimension Mode Meaning  

4fe ERG        36 R     Binding energy 

C 

KJT I Number of wavefunction {grid points 

SECT R Total cross section 

KT0T I Number of matrix elements for shell 

SEDGE R Cross section jump at edge 

IJ6 I Initial max I (in loop reduction) 

JMS I     Initial max order of Legendre coefficient 
(in loop reduction) 

JPS I     Initial max order of Legendre coefficient 
+ 1 (in loop reduction) 

CCM R     Conversion factor (keV/mc ) 

ALFA R     Fine structure constant: 1/157.0567 

IP 
REL R     Classical electron radius (in cm) x 10 

KB I     jxl 

FKB R     JHl 

£ 

f 
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( 
Enter PELEC 

 ~~i ) 

(PELEC 
Page 1 of 

Compute & store numerical coefficients 
for subroutines 

€> 
I 

^8 

c 
Read input data 

\ 
Is N.EDGE < 0 

I No 
Write out input data card 

I 
Check input data 

I 
Are max Leg coef, max K for electron, max A Yes 
for photon, shell cutoff & shell restart > Oj *© 

1 No 
Write statement indicating input 

incorrect 

I 
22 

©—K ^i   Is atomic number > 102 or < 2 

( 

I 
PO 

No 

Is potential photon energy fi 0 

( 

I No 
Is loop for max £ reduction ^ 0 

and * 1 

Write out 
nuclear charge 

not found 
on tare 

No 

2U 

- -^-^•^mt,.i,--r-iiiitniiätai 



fi 

c 

&* 

(la max j 
coef. 

9 
(Legendre 

i No 
y*-© 

©—( 
Set max j = 2U and print 

I 
Yes 

^4 Is max H for electron s l^YJ^fc/HS'' 

ZU No 
Set max H = 12 and print 

©—( 
I 

Is max i for photon i 12 
Ye 

I 
1161 

No 

Set max I = 12 and print 

I 
Write out input quantities 

with interpretation 

I 
Read photoelectric tape for element, 
quantum numbers, binding energies 

and potential 

c I 

(PELBC  \ 
Page 2 of 6j 

Does input nuclear charge 
nuclear charge read 

from tape 

I 
> 

No 

Yes 

Write out element located 

Skip logical 
records to 

next element 

25 
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€> 
©■ 

( 

9 / PELEC "^N 
ypage 3 of (>) 

s HEDGE > no, of electron shellsl 
Yes 

e i 
28^ 

No 

s rflstart stieil number a no. 
electron sheila or cutoff shell 

number > no. electron   shells. 

Yes 

I 
28 

No 

Read potential 

I 
f    Is HEDGE = 0    J     ^O5) 

I No 
Reset energy of photon to NEDGE 

shell binding energy 

lb 
Change photon units to ac 

I 
Write out element information 

from tape 

C 
i Yes 

Is cutoff shell = 0 

\ 

No 

Set cutoff shell = no. of 
shells of element 

■— shells to(60^ 

Read wave functions from tape 

(is loop index ^ restart shell noJ 

I No    " ""' 

photon energy a binding 

Yes 
fty^ass computation 

(Z energy shell HME) 

26 - 
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c 

u 

& 

£ f     PELEC     N 
IPage \ of dj 

0 
Energy feills below edge; 

bypass computation 

3" 
photon energy = binding A Y^s 

energy 

t Ho 

Set HEDGE «= loop index 

I  
Set up quantum numbers, energies, 

cutoff values for shell 

i 
Is ccmputed max H for free electron = 
 input value of H  

I No 
Write out computed value which will be 

the one used 

I 
Calculate no. of free 

electron states 

tetrix element dimensions exceeds 

< 

I 
Yes. 

No 

Commence integratioi 
Call subroutine RADDJT 

© < 
I 

s     \ 
NT    > 

Call subroutine LEGEND 
> 

£ 
Multiply Legendre coef by 

numerical factor 

( 

I 
Call subroutine ANGIE 

- 27 - 

> 

Write out this 
information 

Loop on max order 
"of leg. coef + 1 
toreT 



61 

( 

9 (PEI£C  ™^N 
Page 5 of dj 

Is tern   reduction flag 
< 2 

88 

© < 
i Ko 

Is max jt s 1 

I 
"VJ^—P0 

No 

Reduce max t  by one 

I 
(Is max H for free electron i  'X Yes 

(H* + max i) 

I 
y^@ 

No 

Reset max K no. of free electronI 
states, and max Legendre coefficient' 

I 
Start summing process 
Call subroutine HUM 

© 
) 

©-< •l  Is loop index = NEDGE 

I 
> 

Yes Compute contribution 
to cross section from 

the NEDGE shell 

No 

Accumulate total 
cross section 

C 
I 

Is term reduction flag = 0 

I 
V^—*0 

No 

Set flag = 2 
Save max i, max Leg. coef 

- 28 - 
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ßi 

e Page 6 of 6j 

Set flAg - 1 
reset previously stored max t, 

max Leg. coef 

©—< 
I 

Continue 
) 

I 
Write out totaü. cross section 

d I 
KEDGE  = 0 p^@ 

u 
PQ - 

*i?fi91*-*-! »<■■*-• 



SlBMt PELtC 
C    I-ON CUC bbUU OPLRATION» ADO CARD READING 
C    HKOfeNAK PtLECC INPUTtOUTPUTiTAPElfTAPE5=lNPUT»TAPe6=0i>TPUT) 

COMMON PI»MALFPl.FOU«Pl»KA0»S02.0»2A.ZA2A»EFN»E6N»V»C6(30)»6AM(30 
(;0MM0N/BtbbtL/FLIlb)fPCtl5)t0F(15»15)»Mi»M2»B(15) 
COMMON/OFUNC/FU0)*(H30) »OF(30) »06(30) *OFKf 200) >OFKP(200)iCF(30)» 
COMMON /FAC/FACT(67)*KTFAC(9b)»ROOT(S0) 
COMMON/FIUO/Fl(30*lb)>U(30)*JMP>NAME»SHELL»QV»EBfIZ 
COMMON /KUT/RK1 (ÜJ *RK2(4) *RK3(<») *RKl»((|) »K«K«») 
COMMON /LlMIT/JM»LM*KM»K2M»XEN0»NEWfNK»NKP»JKB»LMKB«NTAB 
C0MM0N/MAT/SF(3Ü) f S6(30) *F-K(200) >FKP(200) *SFK(200) »SFKP(200) »RCUT 
COMMON/QUANT/LK(30)*LMK130)»JK(30)»FKAP(30)»SN(30)»SI(30)*CR(30} 
COMMON /0NHAK0/KX>SCX»6bX»FBX 
COMMON /TAKtS/X UbüO»»SCF UbOO»»FB(1500)»6B( 1500)»6AM8»SCREEN 
COMMüN/TKAN*>/HF(30»lb)»HFM(30»15}>JN6(30)»JPS(30) 
COMMON/VECI/KF(200)*KO(200)»LBES(200)♦LBS(200)»LKB 
UIMtNblON XN(3b)>XL(36)»XJ(36)*ER6(36)»XZ(36) 
FLd) = l.U 
HCU) = 1.Ü 
DO a L=2»la 
I-HC) = 2*L-1 
KCICJ = PC(L-1)/FL(L) 
ÜO b J=l*lb 
FLJ = J»(2»(L*J)-1) 

S UF(L»J) = l.U/FLJ 
NUUM1) = 1*0 
uo lu l=2fb'J 
FAT = i 

1U KOOi(1) = bUHI (FAf) 
FACI(l) = 1.0 
FACI(3) = l.U 
HTFAC(l) = l.U 
KlFACi3) = l.U 
FAT = l.U 
UU lt> 1=2*^3 
Fi = 1 
FAT = FAI*F1 
HACI(2*I*1) = FAT 

lb KTFACU*!*!) = SOHT(FAT) 
FAT = l.U 
Uü 2U i=4«*»H7 
Fl = 1 
PAT = FAT*F1 

ÜU HTFAC(Ü*I+1) = bQKT(FAT)*RTFAC(67) 
b02 = 1. .U / KOOT(2) 
KK1 tl> = U.b 
KK1 id) = l.Ü-b02 
KKi (J) ^ 1.0+S02 
KK1 (4) 5 l.U/b.O 
KKi (1) = iJ.U 
HKk: (2) = l.U 
KKÜ liJ = l.U 
HKiJ (HI 3 Ü.U 
KKJ (li = U.b 
HK.5 U) X 1.U-SU2 
KK^ 13) — l.C)+bü2 
KK^ (<4) S U.b 
HKH (1) 5 U.b 
HKH 12) - U.U 
KKH (J) — U.b 
KK«* (<*) = U.U 
K<4(li = 1 

30 

)PEL00010 
PEL00020 

HPEL00030 
PEL00040 
PEL00050 
PEL00060 
PEL00070 
PEL00080 
PEL00090 
PEL00100 
PEL00110 
PEL00120 
PEL00130 
PELOOmO 
PEL00150 
PEL00160 
PEL00170 
PEL00180 
PEL00190 
PEL00200 
PEL00210 
PEL00220 
PEL00230 
PEL00240 
PEL00250 
PEL00260 
PEL00270 
PEL002ttO 
PEL00290 
PEL00300 
PEL00310 
PEL00320 
PEL00330 
PEL00340 
PEL00350 
PEL00360 
PEL00370 
PEL00380 
PEL00390 
PEL00400 
PELOOmO 
PEL00<*20 
PELOO<»30 
PELOO^O 
PELOO^SO 
PEL00460 
PEL00470 
PELÜ0480 
PELOO'tgO 
PEL00500 
PEL00510 
PEL00520 
PEL00530 
PEL00540 
PELOOSSO 
PEL00560 
PEL00570 
PEL00580 
PEL00590 

^'«««aii 



c 
K*UI   =   U 
KHIJ»   S   1 
KOtHl   :  U 
CCM  =   bll.UUb^ 
ALI-A  =   l.U/li7.U367 
KtL = Ü.^ei777 
HI = 3.1<*ib^6b 
► OUNKI = i».U*Hl 
HALKK1 = U.b * PI 
KAU S Hi / 16U.U 
Hb = U.2bU*PI*KEL*KLL/ALFA 

42  HtAU lb»2bl JM»KMAX»LM»NTAPCtNe06E»IA*IB*IZ»L00P>QV»SAVE 
*JS l-OHMAI (91d>2Llb.a) 

L ÜKÜ1NAK1LT» IA = Ü» lb = U» SAVE = 0. 
C     lb .Nt. U CUTS OFF CALCULATION AFTER IB SHELLS 
C     IA .01. U KtSTAKTS AFTER IA SHELLS 
t    bAVt lb IHLN CROSS SLCT10N OF FIRST IA SHELLS READ BACK IN 
C    UV tHltKtU IN K.E.V.* SAVE ENTERED IN BARNS 
t     LOOP = U ÜKÜINARILY» LOOP = 1 FOR LM REDUCTION 
C     NLUbfc. NLtiATIVt TERMINATE^ PROGRAM 

IF (NLUbt.LT.U)     CALL EXIT 
WKlIt (b»2/) 

tf  HOKMAr (lHl///2X>(»UHiNPUT DATA FOR PHOTOELECTRIC CALCULATION 
LM NTAPE  NEDGE  IA  IB 

PEL00600 
PEL00610 
PEL00620 
PEL00630 
PEL00640 
PEL00650 
PEL00660 
PEL00670 
PEL00660 
PEL00690 
PEL00700 
PEL00710 
PEL00720 
PEL00730 
PEL007U0 
PEL00750 
PEL00760 
PEL00770 
PEL00780 
PEL00790 
PEL00600 
PEL00810 

//2X»PEL00820 

! 

1 

HbMlNHur CAKÜ KLAUb//2X»daHJM  KMAX 
2bH  LUUP»/X»2HUV*1UX»I*HSAVE //) 
WKlIt (6*20) JM»KMAX»LM»NTAPE»NE0GE*IA»IB»I2»L00P»QV»SAVE 
UAfA CHtCMNG 
It-    (MlNU(JMfKMAX»LM*lA*lb) .GE.Ü) 

et   »Kilt (fo»lU2) 
1U2 FORMAT lbX»lbHlNCOKHLCT INPUT //) 

GO 10 22 
29 IF U12.LT.2).0H.(i2.GT.IU2}) 

iUV.Lh.U.U)     GO TO 26 
ULOOP.NL.U).ANU.(LOOP.NE.l))     GO TO 28 

GO TO 29 

GO TO 36 

luv 

GO 10 111 

IF 
IF 
IF 
IF UM.Lt.2<») 
JM=iH 
«Kilt lb»lUV) JM 
FORMAT (ZbXbbHlN OKUtK NOT TO EXCEED DIMENSION JM HAS BEEN 

1 10 13/) 
111 IF (KMAX.Lt.12)     GO TO 112 

RMAX=12 
WKlIt (b>113) KMAX 

110 f-OKMAf (ZbXbSHlN OKUtK NOT TO EXCEED DIMENSION KMAX HAS 
ItU 10 13/) 

112 IF (LM.Lt.12)     GO TO 116 
LM=12 
«Kilt (6»im) LM 

HH l-OKMAI (/bXbbHIN OKUtK NOT TO tXCEED DIMENSION LM HAS 
1 TO 1^/) 

lib 2 = U 
2A = ^*ALI-A 
2A2A = ZA*^A 
WKlIt lb»bU)I^»QV»KMAX»LM»JM 

5U »-ÜKMA1 (lHl///bXfOHlNHUT UATA FOR PHOTOELECTRIC CALCULATION // 
imx» m»17M = NUCLtAK CHARGE /9X»F9.3»16H = PHOTON ENERGY // 
i;lbXlO»2bH = MAX KAPPA FOK tLECTKON /15XI3»19H = MAX L FOR PHOTON 
01bX10»26H = MAX J (LtütNUKL COEFF.) //) 
HtWlNU NIAHt 
KtAU (NTAPt) NGKIU'lblXhlfIONt»KSIXFI»RONEr(X(I)»I=1>N6RID) 

Ob KtAU (NIAHt) ZTKr»JX«NAMt(SCKttN»(XN(I)*XL(I)*XJ(I)»X2(I)»ER6(I)> 
11=1»JX) 
121 = 2TKr ♦ U.U1 

IZ»PEL00830 
PEL008U0 
PEL00850 
PEL00860 
PEL00870 
PEL008Ö0 
PEL00890 
PEL00900 
PEL00910 
PEL00920 
PEL00930 
PEL009UO 
PEL009bO 
PEL009bO 

REDUCEDPEL00970 
PEL00980 
PtL00990 
PELOIOOO 
PEL01010 

BEEN REDUCPEL01020 
PEL01030 
PELOIOIO 
PEL01050 
PELOlObü 

BEEN REÜUCEDPELÜ1070 
PELOlObO 

31 

PEL01090 
PEL01100 
PEL01110 
PEL01120 
PEL01130 
PELOimO 
/PELOllSO 
PEL01160 
PEL01170 
PEL01180 
PEL01190 
PEL01200 
PEL01210 



(iB(l)»i:i»KJI I» ( FBd)* I=1»KJI ) 
KLCOKÜS TO NEXT ELEMENT 

60 TO 35 

IP i   11   .tu. in   ) 60 TO «0 
HLAU CNTAPt) (bCFllJ.I=ltN6HlU) 
bKlKb LOGICAL KECOKU CONTAINING POTENTIAL 
UO VV 1SKIH:1»JX 

W  NtAU (NTAHL) KCUT*KJI»( 
bKlHb UN«ANrtU  LOGICAL 
IF ( 111   .Lt. 102 ) 

Jb HKlIt (b»JU> li 
JU »-0KMA1 (//^UX19HNUCLLAK CHARGL I  ~   I3»1X18HN0T FOUND ON TAPE.) 

GU lü ÜÜ 
HU HHlIt (b»Hb) 
•♦5 I-OKMAI l/////2UX»2t)MTAHL POSIT IONLO PROPERLY.////) 

IF (NLUGb.bT.JX)     GO TO 26 
IF UlA.GL.JX).0H.(Ib.6T.JX))     60 TO 28 
HtAÜ (NTAPt) (bCF(l)*l=l*NGRlU) 
IK ( NLUGb .LO. 0 )    GU TO 93 
U = tKÜ(NtUGt) 
«JV = U • CcM 
00 10 VH 

^i U = UV / CLM 
VH NK1IL lb.l/J) NAME»I^*JX*SCREEN*I0NErR0NE*ISIXFI»RSlXFI*N6RI0» 

IX(NGNlU) 
lid  f-OKMAI (//i:bXAb»lXyH= tLtMENT/26XI3.1X15H= ATOMIC MUM8ER/ 

12yxi^»lXü7H= NUMötH OF ELECTRON SHELLS/ 
21bXt.lb.8'lX<*bH= SCREENING FACTOR OF OUTERMOST BOUND ELECTRON/ 
SdbHiitlXllH-  RADIAL GRID UP TO X = Fl.l/ 
*£lXi**lXd*H-   KAUIAL GRID UP TO X = Fb.l/ 
b2AXj4flXlVM= TOTAL RADIAL GRID /16XE15.8» lX2i»H= OUTERMOST RADIAL 
bALUt //) 
btCI = bAVt 
IF ( lb .t.U. 
UO bU 1 = 1« 
HLAU (fjTAHL) 
IF U.LL.lA) 
IF iU.GL.LKGd) ) 
WKliL tb»ybJ XN(I) 

^b FOHKAT l/bX»10HENtRGy FALLS BLLOW»IXAbrlX^HEDGE//) 
GO 10 bU 

yu IF i 0 .LU. LKGd) )   NEUGE = 
WKUL (b»ÖO) XN(I)*KCUT»KJI 

ü )     Id = JX 
IB 
KCUT»KUI» tGtHL)»L=l»KJI)»(FB{L)»L=l»KJI) 

GO TO bU 
GO TO 90 

I 

SHELL/16XE15.Ö»1X21H= INTEGRATION CUT-OFF/ 
HAVE FUNCTION GRID POINTS /) 

«U FORMAT (im/2bXAb»lX7H= 
li;7Xi«*»lX3 7H= NUMBER OF 
Fbf = F1B*XZ(I)/Q 
LKb = XL(I) ♦ U.Ü1 
JKb = <!*U«XJ(I) ♦ Ü.Ü1 
LMKB = OKÜ-LKB 
FKB = XJ(l)+(J.b 
bAMB = bQKI(FKB**2-^A*ZA) 
Kb = FKB ♦ U.Ui 
KM = MAXU I KB+l» KMAX ) 
KM = MiNU 1 KM» KB*LM i 
IF (KM.EJ.K^AX)     GO TO 
KHllt (b»lö/) KM 

lb/ F0KMA1 (^ÖXIJ.ÜTH = MAX KAPPA FOR THIS SHELL ) 
lob KüM = iJ ♦ KM 

JMH = MINU ( JM+1»K^M ) 
tFN=U-tKb(l) 
tB=tHG(l)*CtM 
bHtLL=xmn 
CALL blNUtX 
IF I(NK.Lt.^OU).ANU.IMKH.Lt.2ÜU)) 
WHIlt (b»lUU) NK»NKK        _ 3; _ 

lab 

SO TO 83 

PEL01220 
PEL01230 
PEL01210 
PELÜ12bO 
PELÜi2bO 
PEL01270 
PEL0128Q 
PEL01290 
PEL01300 
PEL01310 
PELÜ1320 
PEL01330 
PEL013«»0 
PEL01350 
PEL01360 
PEL01370 
PEL013oO 
PEL01390 
PEL0140Q 
PEL01«H0 
PEL01«»20 
PELölHjö 
PELOmiO 
PEL01**50 
PELOlUbO 
PEL01U7C 
PELOl^btl 

VPEL01t90 
PELOlbüO 
PEL01510 
PEL015£0 
PEL01530 
PEL015U0 
PEL01550 
PELOlSbO 
PELC1570 
PELOlSoO 
PEL01590 
PELOlbOO 
PEL01610 
PEL01620 
PEL01630 
PEL01640 
PEL016bO 
PEL01660 
PEL01b70 
PEL01680 
PEL01690 
PEL01700 
PEL01710 
PE' " ''.O 
PELL Ü 
PELOmO 
PEL01750 
PEL01760 
PEL01770 
PEL0178Ö 
PEL01790 
PEL01800 
PtL01810 
Pt:L01820 
PtL01830 

• ■ —«.»««5 .,,».„. »».„SJJJSJ 
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e 
iUU F0MMA1 tMMHMATRIX LLtMLNT OIMtNSIONS EXCEEDEDtUlISHHK S 14» PEL01840 

IbHNKH : l«//30X12HCASt UHOHPEU //) PEL01850 
%o w ^^ PEL01860 

ttJ NTOISNK^NKH PEL01870 
MKlIt (6»11U1) NTOf PEL01S80 

11U1 FOMMAT (2/X*l«»»<l9H = NUMBER OF MATRIX ELEMENTS FOR THIS SHELL //I PEL01890 
CALL KAUINT PEL01900 

»b CALL LE6ENU PEL01910 
DO (»6 J=1»JMP PEL01920 

»6 UIJ)SFST«U(J) PEL01930 
■Rllt (b»2 ) JM» KM» LM PEL01940 

i FüKMAMlHl///m»IJ»26H = MAX J (LE6EN0RE COEFF.)/ 15X»I3» PEL01950 
1     2bH = MAX KAPPA FUR L:.tCTR0N/lbXl3.l9H = MAX L FOR PHOTON/) PEL01960 
CALL ANöLt PEL01970 
IF ILOOP.LT.2)    bO TO 88 PEL01960 
•Kilt (b»b2) LM PEL01990 

M  (-OHMAr (////bOX23H LOOP REDUCTION TO LM S 12)                    PEL02000 
t)/ IF (UM.tU.D    öO TU b3 PEL02010 

LM = LM-l PEL02020 
IF (KM.LE*iKb-*-LM))    00 TO ol PEL02030 
KM = Kb+LM PEL02040 
N2M = 2*KM PEL02050 
JMH S M1NÜ ( JMP» K2K ) PtL020öO 
ÜM s «IMP - 1 PEL0207C 

bl CALL HUM PEL02080 
bO lv> ttb PEL02C90 

ÖÖ IF U.tQ.NtUGE)     btüfafc = F0UKPI*0C1) PEL0210C 
bECl = btCr+FOURPI^Ld) PEL021in 
IF ILOOP.EU.Ü)     bO TU bü PEL02120 
LOOP = 2 PEL02130 
LMb = LM PEL02mO 
UMb S JM PEL02150 
JPb = JMP PEL02160 
GO 10 87 PEL02170 

bJ LOOP = I PEL02160 
LM i LMb PEL02190 
JM = JMb PEL02200 
JMP s jpt> PEL02210 

OU tüNUNUt PEL02220 
«Kilt(b*2UU) NAME* Ui   UV» SECT PEL02230 

2UU HUHMAT(lHl////3üX»7HtLtM£NT»27X»l3HATOMIC NUMBER//32X»Ab»31X»I3•//PEL022^0 
l 30Ä»17HPHOTON ENEK6Y =  *F12*7»bH  KEV //// «»OX»                PEL02250 
2 2?HfGlAL LKObb SECTION =  »E15.8»7H BARNS //// ) 
IF (NtUGt.LU.U)     bO TO 22 
IF Al LUbt» CROSS SbCTIOU BELOW EDGE 
SEC I = StCl-SEUGE 
WKlIt lb»/b) SECT 

<b l-OHMAI (/«♦UX27HCROSS SECTION DELOW EDGE = Elb.8»6H BARNS/) 
GO IU 22 
tNÜ 

PEL02260 
PEL02270 
PEL02280 
PEL02290 
PEL02300 
PEL02310 
PEL02320 
PEL02330 

35 
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SUBROUTINE ANGLE 

O 

L 

Purpose:    This routine computes the angular distribution from the 

Legendre coefficients of the cross section and a calculation 

of the Legendre polynomials, and outputs the differential cross- 

section at two degree intervals. 

Method:     Lependre polynomials are computed at tvo degree intervals, then 

multiplied by the Legendre coefficients of the crosL section and 

finally summed. 

Subroutine called: None 

Subroutine called by: PEI£C 

Variables in unlabelled Common: PI, KALFPI, FCURH, RAD, S&2, i. ZA, JiZA, 

EFN, V, CG, GAM 

Labelled rommon: FID^ 

Local Variables: 

Name      Dimension     Mode 

JL 

EL 

SI-'AX 

KMUQ 

ITHETA 

IT 

FI-!U0 

3IP 

PPL 

oP 

AD 

91 

91 

91 

91 

Meaning 

I Order of Legendre coefficient 

R Electron kinetic energy in keV 

R Maximian differential cross section 

I Indexing variable 

I Angle (in degrees) between photon and 
electron 

I Stores angle values 

R Cosine of angle 

R Unpolarized cross section (in barns/ 
steradian) 

R Legendre polynomial 

R Stored values of unpolarized cross section 

R Angular distribution 

R Integrated cross section (in barns) 

R Stored values of cosine of angle 
35 



{ Enter AI.'GLS       ) 

(     ANGI£      ^ 
yPage 1 of gy 

t 
Write Legendre coefficients 

of cross section 

I 

ff op on max order 
uf Legendre coef 

+ 1 to'li; 

Write new page heading 
 fnr nnt.piit.  

( 

Lm 

Is max Legendre coef = 0 

I > 

Yes Qypass differentia 
cross section 

u 

VJrite output headiner 
I:ii-.iali2e r.a>: fi^eier/.^al c-oss section 

1 
Compute angle and corresponding cosine 

in two degree increments 

Calculate partial value of 
differential cross section 

I 
Is order Legendre coef = 1 

Calculate Legendre 
polynomials by recursion 

I 
Accumulate partial value of 
differential cross section 

Loop theta in 2" 
intervals tc/? 

Yes <E) 
Loop on max order of 
Legendre coef + 1 to ' 10 

^Tv Compute unpolarized cross section 
and save 

- 36 
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€ 

(ANGLE "N 
Page 2 of ^Z 

r Is cross section > maximum ^ Yes^ cross section 

CoBtlau» 

Calculate angular distributio. 
relative cross section 

I 
Write out angle, cosine of angle, 

corresponding differential cross section 
 angular distribucion  

Set maximum crosc 
section equal to 

cross section 

Loo^- on croGG 
section 

intervals of 
2 degrees to (20 

c 

& Continue 

I 
Compute integrated cress section 

I 
torite out integrated cross section 

f      Return        I 

- 57 
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SiBFlC ANW. 
bUHHOUTINE; ANGLL 
COMMON PI»HALFHl.FQUHKI»KAO»SO2»O»ZA»2AZA»EFN.EGN»V»CG(30)#GAM(30 
COMMON/F1UO/F1(30*15)»0130)»JMP»NAME>SHELL»QV*EB»IZ 
UlMtNblON 1T(91J» UMUIVD» SF(91)» A0C91) 
MRlTb (6»2 ) 

2 F0HMAU///lüX»38HLtbtNüKk COEFFICIENTS OF CROSS SECTION// 
1        6X»1HJ»10X»«»MDIJ) // ) 
00 <* J r 1* JMH 
JL = J - 1 
MKIIb ibti   ) JL» Ü(J) 

3 KUKMA1 ( i7»bX» Elt).ö ) 
4 CONTINUE 

tL = OV - tb 
ttRilt   (ö»b)   NAML»   1Z* 

b f-OHMAT 
1 
^ 

bHtLL» EB» OV» EL 
(lHl////.33X»7HtLtMENT»7X»13HAT0MIC NUMBER» 13X»5HSHELL// 
3bX»Ao»llX»13»17X»A6///lbX»l<»HBIN0ING ENERGY» 17X» 
13MHHÜT0N tNtKGY»llX.23HELECTR0N KINETIC ENERGY// 
3(mx»F12./»**H KtV) /// ) 

IF 1 JMP «tO. 1 ) GO TO 2«» 
WKIIL ibföi 

0  »-0KMAH2bX»«»JHUNHüLAKIZfcÜ CROSS SECTION (BARNS/STERADIAN) // 
1       lbX»bHTHETA»lbX*^HCOS THETA»18X»13HCR0SS SECTION» 16X» 
if        IUHANÖ. ÜIS1. // ) 
bMAX = O.U 
UO lb KMUQ = 1» 91 
ITHtTA = 2 * ( KMUÜ - 1 ) 
1TIKMUÜJ = ITHLTA 
IHt=«AÜ*FLüAT (ITHtlA) 
HMUU=tüS tlHhJ 
UMUtKMUQ) = f-MUy 
HMl=l.ü 
KN=»-MUü 
bIH = U(l) ♦ FMUQ ♦ Ü(2) 
IF (JMH.LU.2)     GO TO 12 
UO 1U J=3»JHH 
»-U=J-2 
HKL = ( HN*FMUÜ*(2.U»f-N+l.ü) - PMI*FN ) / ( FN*1.0 ) 
HMI=Prj 
PN=HKL 

10 bIH = bIP ♦ PHL * U(J) 
li bK(KMUÜ) = bIP 

IF y   bP<KMUO) .GT. bMAX ) 
lb CONIINUE 

UO dO   KMUO = 1» 91 
AUUMUO) = bP(KMUO) / bMAX 
MKlIt i b»lU) IKKMUdl)» QMU(KMUQ)» SP(KMUQ) 

lb KOKMAI ( lbX»Ib»lbX»Flü.7»17X »E15.8 » 15X» 
ÜU LONlINUt 
^*   XStC = FOUKPl » DU) 

milt  (b»2b) xbtc 
üb FOKMAI (/////4ÜX27HlMtGRATEU CROSS SECTION = Elb.B» 6H BARNS //) 

KtTUKM 
LNU 

SMAX = SP(KMUQ) 

» AD(KMUQ) 
F10.7 ) 

AN600010 
)AN600020 
AN600030 
AN600040 
ANG00050 
ANGOOObO 
ANG00070 
ANGOOOBO 
ANG00090 
AN600100 
ANG00110 
ANG00120 
ANG00130 
ANGOOltO 
ANG00150 
ANG00160 
ANG00170 
ANGOOlöO 
ANG00190 
ANG00200 
ANG00210 
ANG00220 
ANG00230 
ANG00240 
ANG00250 
ANG00260 
ANG00270 
ANG00260 
ANG00290 
ANG00300 
ANG00310 
ANG00320 
ANG00330 
ANG00340 
ANG00350 
AN600360 
ANG00370 
AN6003bO 
ANG00390 
ANG00400 
ANG00410 
ANG00420 
ANG00H30 
ANG00440 
ANG00450 
ANGOO^oO 
ANG00470 
ANG004B0 
ANGOO<490 
ANG00500 
ANG00510 
ANG00520 
ANG00530 

3B 
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SUBROUTINE GpEFS 

Purpose:    Computes Clebsch-Gordan coefficients. 

Method:     For computer computation economy, the requisite square roots of 

integers, factorials and square roots of factorials are stored 

in common. The routine uses explicit algebraic expressions for 

Clebsch-Gordan coefficients whose smallest angular momentum value 

is two or less (with appropriate p   tation of indices). Other- 

wise the general formula is used, with a specialization for the 

parity Clebsch-Gordan coefficients. The input variables are 

double the angular momenta quantities, in order to use them in 

integer mode. 

Subroutine called: None 

Subroutine called by: FILL, HUM, MUSS 

Labelled common: FAC 

Argument sequence:  (jl, J2, J5> Ml, M2, C) 

Argument List: 

Name Dimension Mode Meaning  

Jl, J2, J5 I     Angular momenta 

Ml, M2 I     Magnetic quantum numbers 

C R     Clebsch-Gordan coefficient 

/,( X' 



f    COEFS ^\ 
^Page 1 of 2j 

Enter COEFS 

1 
Enter with J^, J2, J3, Mi, VQ. 

M,. = MJ^ + ^ 

c Is min J > 2 

INo 

> 

Yes 

Symmetiy operations to put min J in second place 
with the corresponding M positive definite 

I 
Cofipute C from appropriate 
special algebraic formula      (l) -»>-   Rfifturn 

i600 

605 

Is vo y Yes 

No 

Compute C from general formula      (2) Return 

liO - 
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f   COEFS     "\ 
^a«e 2 of 2/ 

r 

620 

<   isvo   > 
I   No 

(      Is      ^      =1—). 

 1  1   Yes 

Yes 

No 

Is ■I1  + J    ' J, even 

I Yes 

^i605 > 

Compute factor to reduce tc parity C 0) 

I 
J Compute C from formula for parity C (3) Return 

I 
? 

* 

References: 

(1) E. V. Condon and G. H. Shortley, Theory of Atomic Spectra, (Cambridge 
University Press, 1955). 

(2) G. Racv., Phys. Rev. §2, i+58 (19^2). 

(5) L. C. Biedenharn and M. E. Rose, Rev. Mod. Phys. 25, 729 (1955). 
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sit»»-IC cot»- 
bUBNOUIINt COCFS ( Jl«J2iU3fMi»M2»C 
COMMON /FAC/l-l67)»MTf9b)»NlbU) 
M3  S  Ml ♦ M2 
C S Ü.U 
bI6M S 1,0 
JM1N S 

^1U 

tdM 

IF 
IF 
IF 
LI 
L2 S 
LJ = 
LM1 S 
LM2 = 
LM^ = 
00 10 
LI = Jl 

UU 

1 JMIN 
t JMIN 
t JMIN 
= J* 
S Jl 
= JJ 

-Mi 
-Ml 
-MJ 

MINU (Ji»J2»J3) 
.61. «  )      GO TO 600 
•LQ. J2 )     60 TO 220 
•tQ. JJ )      60 TO 230 

240 

Li 
LJ 
LM1 
LM2 
LMJ 
GO 
LI 
L2 
L3 
uMl 

J2 
J3 
Ml 
M2 
M3 

10 
= Jl 

= J3 
-  J2 
= Kl 

24U 

24U 

ÜSU 

2Öb 

2t>u 
2c>d 
2/Ü 

2yu 

LM2 = -M.J 
LM3 = -M2 
bIWI = HILu+D/KCLi+l» 
IF l M0Ü ( Jl - Ml » <* ) .Nt. 0 ) 
IF ( LM2 ) 2<*b* 2bU» 2bü 
LM1 S - LMl 
LMÜ = - LMü 
LMJ = - LM-i 
IF ( MOD ( LI ♦ L2 - L3 » «♦ ) ,NE. 0 ) 
JMIN = JMIH+1 
K = Ll+LMJ 
L = L1-LM3 

ro 

SI6M s - SI6M 

SI6M r - SI6V 

60 
IF 
IF 
C 
00 
IF 

iuu IF 
JUt) IF 
^1U IF 
Jib IF 
4*t) C = 

60 
^^u C = 

60 
^•♦u t = 

(2ä5*2bU*300*7Ug»<*UÜ)» 
tLl-LJ) öOU.2b6»8üU 
(LMl-LMi) 8ÜO»2b7#öüU 
=  blöM 
10 bÜU 
tLi-Ll-LM2» 265»2ö0»270 

bI6M = -bI6M 
K = L 
KKI = K ♦ 1 
C= K<KPl)/K(2*Ll+2) 
t = blüM*C 
00  10       BUU 

(L4-L1) 3üb»31U»41b 
ILM2) ÖUU»32b»33U 
(LM2> bUU»3«fÜ»3Hb 
iLM^) HUU«3k>b*3bU 
-KtL)*K(K); <R<2*Ll)*H(Ll*in 
10     3dU 
K(L)*K(L+2)/(2.U»H(Ll)*K(Ll+l)) 
10 38U 
»-LOA1 (LM3)/(H(L1)«K(LI*2) ) 
10       3bU 

- )42 - 

JMIN 

COF00010 
COF00020 
COF00030 
COF000<*0 
COF00050 
COF00060 
COF00070 
COFQOOeO 
COF00090 
COFOOIOO 
COF00110 
CCF00120 
COF00130 
coFOomo 
COF00150 
COF00160 
COF00170 
COF00160 
COF00I90 
COF00200 
COF00210 
COF00220 
COF00230 
COF00240 
COF00250 
COF00260 
COF00270 
COF002öO 
COF00290 
COF00300 
COF00310 
COF00320 
COF00330 
COF003U0 
COF00350 
COF003Ö0 
COF00370 
COF00360 
COF00390 
COF00^00 
coFoomo 
COF00420 
COF00«*30 
COFöO<mO 
COFOOi+50 
CGF0C460 
COF00U70 
COFOP'taO 
COF00490 
COF00500 
COF00510 
COF00520 
COF00530 
COF005H0 
COF00550 
COF00560 
COF00570 
COF00580 
COF00590 
COF00600 
COF00610 



M5 LOX s L*2 COF0062Ü 
t S -M(K)«K(l.OX)/(K(2*Ll}*K(L1^2n COF00630 
bO  10     380 COF00640 

<>bd LOX s L*2 C0F00650 
LAX S R*2 COF00660 
C S KlL0XI»K(LAX)/CH(2*Ll+2)»H(Ll*2n COF00670 
bU  10      38U COF00680 

M>\i  t = KiK)*K(K^2)/(2.0*K(Li«l)*H(L1^2n COF0069Q 
MU t s blbKl*C COF00700 

00  10     8UU COF00710 
HÜÜ M S LM2/2«i COF00720 

J = IL3-LII/2 ♦i COF00730 
00 TO (<»ä0»510»5H0)r M COF00740 

HttU 00 10 »H85.«»9ü»«*Vt).bOO#50b)» J COF00750 
«♦«a t = K(3)«KlL)«N(L-2)*KlK)*H(K'2)/(R(8>*R(Li-2)*R(Ll-l)*R(Ll)      COF00760 

l*H(Ll*I)) COF00770 
00  10     b7!> COF00760 

«»**ü C = -U.b*FLOAl(LM3)*K(b)*R(L)*K(K)/(R(Ll)*R(Ll-2)*R(Ll^l)*R(L1^2))COF00790 
00  10 b7b COF008G0 

HV*b L = ü.b •FLüAH3*LM3*LM3«Ll*(Ll+2)» COFOCBIO 
1 /IR(LI)*R(L1-1>*R(L1+2)*R(LI*3))COF00820 
OU  10      b7b COF00830 

bÜU LOX = L*2 COF008U0 
LAX = K+2 COFG0850 
t = U.b*i-L0AT(LM3) COF00860 

l •R(b»*K(L0X;-KlLAX)/(R(Ll)*RtLl*l)*R(Ll*2)*R(Lm)) COF0087C 
GO  10       b7b COF008&0 

bUb LUX = L*«* COF00890 
LAX = L+2 COF00900 
LLX sn+H COF00910 
LXX = K*2 COF00920 
C = K(3)*K(LOX)*K(LAX)«K(LLX)*RiLXX)/(R(8)*RCLl^l)*R(L1^2)«R(Ll*3)COF00930 
i«K(Ll-H»>) COF0C9U0 
60  10   b7b COF00950 

blU 00  TO      lblb»b2Uib2b*530»b3b)»       J COF00960 
bib t = -KlL*2)*H(L)*R(L-2)*R(K-2)/(2.0*R(Ll-2)*R(Ll-l)*RCLl)*R{Ll+l))COF00970 

00  10     b7b COF009aO 
b^U t = U.b»FLüAT(Ll+2»LM3-2) COF00990 

1 ♦RlL*2)*K(L)/(R(LX)*R(Ll-2)*R(Ll+l)»R{Ll+2)) COF01000 
00  10        b7b COF01010 

Düb LOX = L+2 COF01020 
L = U.Ü-FL0ATtLM3))»K(3)*H{L0X)*R(K)/(R(2*Ll)*R(Ll-l)*R(Ll*2) COF01030 
l*H(Ll+3)) COF010UO 
GO  TO b7b COFOlOtJÜ 

a3U C,= fb»FLüATl2«LM3-Ll-H) COFOlOoO 
1 *KIK+2)*K(K)/{H{L1)*R(L1+1)*R(L1+2)*R(LI+««)) COF01070 
00  10     b7b COFOlOdO 

33b LOX = L** COFOlOgO 
L=KtLOX)*H(K+H)*R(K+2)*HlK)/t2.0*R(Ll*l)*R(Ll+2)*R(Ll*3)*R(Ll+t*)) COF011U0 
00  10     b7b COFülllO 

bHU 00  10      (b«*b»bbü»bbb»b6ü»b65) »      J COF01120 
ÖHb L = WlL-2)*H(L)*W(L+ü)*K(L+4)/('*.0«RlLl)*R(Ll-2)*R(Ll-l)»K(Ll+l)) COF01130 

GO  10     b7b COFOll'+O 
bbU t= -K(K-2)»IUL)»R(L+2)*R(L+«4)/(2.0*R(Ll)*R(Ll-2)*R(Ll+2)*R(Ll-H)) COFOllbO 

bO  10      b^b COFOllbO 
bbb LOX = L+2 COF01170 

LAX = L+H COF01180 
t = H(3)*RlK-2)»R{K)»KlL0Xi*R(LAX)/(R(8)*R(Ll)*R(Ll-l)*R(Ll+2) COF0119Ü 
l«RiLl+3)) COF012Ü0 
bO  10      b7b COF01210 

bbU LOX = L+«+ COF01220 
C = -H(K-2)*K(K}*KlK + i;)*R(LOX)/(2.ü*R(Ll)*R(Ll+2)*R(Ll+'*5»R(Ll + l))COF01230 

- i+5 - 



CO 10    b7b 
M»b C=HtK-2)*KtK)«R(K*ü)»H(K*H)/(i».0*R(Ll*l)*R(Ll*2)*R(Ll*3»*RCLl**)) 

bU  TO      600 
/UU M = lLM2-»l)/2 

J Z   lLd-Ll*b)/2 
60 10 ( /lü» 7H0 ) »   M 

flü  Ü0 10 ( 72U» 725» 730» 735 ) »   J 
UM  t = K(3)*H(K-l)*R(L~i)*(<(Ln)/(R(6)*R(Ll)*R(Ll-l)*R<Ll*in 

60 10 7«U 
ft*  t = ^L0AniLl*3*LM3-l)/2)*R(L*lJ/(R(2)»RCLl-l)*R(LX+l)*R(Ll*2)) 

60 iU 7BU 
/^U KH1 = K ♦ I 

C = -FL0ATl(3-3*LM^Ll)/2)*R(KPl)/(RC2)*R(LU*R(Ll*l)*R(Ll+3n 
60 10 7BU 

fin  LOX = L*3 
KP1 = K. ♦ 1 
RHJ = R ♦ 3 
t = KU)*K(KPl)*R(KH3)*K(L0X)/(Rt8)*R(Lm)*R(Ll«2)*R(Ll«3)) 
60 10 760 

/HU 60 iO ( 7bU» 7bb* 760» 76b ) »   J 
/au t = -HtL-l)*K(L+l)*MtL*3)/(Rt8)*R(Ll)*R(Ll-l)*R(Ll*l)) 

60 10 /6U 
/SS LOX = L*3 

LAX = L+l 
t = K(1i»*HtK-l)*R(LAX)*K(L0X)/(R(8)*R(Ll-l)*R(Ll+l)*R(Ll+2)) 
60 10 76U 

fbV   LOX = L*3 
t = -H(<5l»KlK-l)*RlK+l)*RlL0X)/(R(8)«R(Ll)*R(Ll*l)*R(Ll+3)) 
60 10 /BU 

ftn  C = HtR-l)»H(K+l)«K»K*3)/(H(8)»RlLl+l)*R(Ll*2)*R(Ll*3)) 
/ÖU C = t«SI6M 

60 10 ÖUÜ 
C    IHIb lb TMt dt61NNiN6 OF COMPUTATION OF C-COEFFICIENT 
t     UblN6 I HE 6ENERAL EXPREbSION. 

bUU LI = J1+J2-J3+1 
L2 " J1-J2+J3+1 
L3 = -Jl+JÜ+Ji+l 
L1Ü = J1+J2+J3+3 
IF t M3 .t6. 0 ) SO TO 615 

bUS m = Jl+*ll*l 
Ll> = Jl-Ml + 1 
Lb = JZ+H2+1 
Lf   ~  J2-M2+1 
LB = J3+M3+1 
L9 = JJ-M3+1 
bf = KHL1Ü) / (   HTIL1)*HT(LU)*RTIL5) ) 
bT = bT / ( RKLb) * HTIL7) ) 
bT = bT / I  RlJ3+l}*kTlL2)*RT(L3) ) 
bT = bT / 1  KKLBi » HI (L9) ) 
N7 = L1-L7 
m  = Ll-LH 
MIN = MAXU (O.N'+.N/i 
MAX = M1NU (L1»L5»L6) 
If    «MUUCMlN»!*) ,NE.U)     bI6M=-1.0 
MIN = KIN+1 
Nl = Ll+1 
Nb = Lb+1 
N6 = Lb+l 
bUM = UtU 
UO blU LZSMlN»MAX»2 
NIL = M-L^ hk 

COF012H0 
C0f01250 
COF01260 
COF01270 
COF01280 
COF01290 
COF01300 
CCF01310 
COF01320 
COF01330 
COF013H0 
COF01350 
COF01360 
COF01370 
COF01380 
COF01390 
COF01<»00 
COFOmO 
COF01U20 
COF01<*30 
coFom<»o 
COF01U50 
COF01«*60 
COF01«»70 
COF01U80 
COF01U90 
COF015CQ 
COF01510 
COF01520 
COF01530 
COF01540 
COF01550 
COF01560 
COF01570 
COF015B0 
COF01590 
COF01600 
COF01610 
COF01620 
COF01630 
COF01640 
COF01650 
COFOlbbO 
COF01670 
COF01680 
COF01690 
COF01700 
COF01710 
COF01720 
COF01730 
COF017i*0 
COF01750 
COF01760 
COF01770 
COF01780 
COF01790 
COF01800 
COF01810 
COF01820 
COF01830 
COF01840 
CÜF01850 



NbL S Nb-L^ COF01860 
NM. S Nb-L^ COF01870 
»Mt =-N«l4-L^ COF01S60 
NIL 5-HT*L^ COF01890 
TtMM 5 Sf • FILZI « HN1LI • FlNbU • F(N6L) • F(N%L) • FCN7L) COF01900 
CSC* SIbW / TERM COF01910 

blU bl6M r -blbM COF01920 
bO 10 ttOU COF01930 

bid IF i M2 .tu. U 1           60 TO 620 coFomo 
IF I lABb(H2) ,NE. 2 )      60 TO 60b COF01950 
JMOU = MÜÜ t (LiO ♦ 1 J» 4 ) COF01960 
Ih   I JMOÜ .Nt. 0 )         60 TO 60b COF01970 
bT = JA • IJ3 ♦ 2) - Jl • (Jl ♦ 2) - J2 • (J2 ♦ 2) COF01980 
SI6M = U.b • bl6M • ST / ( R(Jl)*R(Jl ♦ 2t*R(J2)*RfJ2 ♦ 2) ) COF01990 

b2U JMOU S MOÜ (  t Li - 1 )» 8  ) COF02000 
IF ( JMOÜ .Nt. 0 )          SI6M s - SI6M C&F02010 
U* 5 ( Li  ♦ i ) / 2 COF02020 
Lb = 1 L2  ♦ 1 ) / 2 COF02030 
Lb - ( LA  ♦ i J / 2 COF020UO 
L7 = ( LiU - i ) / 2 COF02050 
C = bibM • HUd  *  l)   *  F(L7) / (  F(L<»}*F(Lb)«F(L6) } COF02060 
t = t • KI(Ll) * Kr(L2) « KT(LJ) /  RT(LIO) COF02070 

bUU KtlUHN COF02080 
tNU COF02090 

c 
- I»5 
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SUBROUTINE DERIV 

Purpose:     Comjnites for the Run^e-Kut a integration the derivatives of 

the bound state wavefunctions and the intef^*ands of the matrix 

elements up to one-half Bohr radius. 

Method:     Calculates the derivative of the radial components from the 

coupled Dirac radial equations. In evaluating the interTand 

of the matrix elements the r factor is restored if r <- 1. 

Subroutine called: SPHBES 

Subroutine called by: RKUT, RABINT 

Variables in unlabelled Common: PI, HALFPI, F0URFI, RAD, SQ2, Q, ZA, ZAZA, 

EFN, EGN, V, CG, GAM 

Labelled Common: BESSEL, DEFUHC, LIMIT, TAPES, VECT 

Local Variables: 

Harne Dimension Mode Meaning  

Z 

n 

A 

R     Photon momentian * radium 

I     Indexing variable 

R     Sum of gammas of bound and free state 
electron 

C 

hi - 

"vsv^- -:v ..-.,,■,-.,.;'>-.'.:w*!d 



0- 

©■ 

( Enter   D^IV       J 

 I  
( Is radial index > 3 j   YPS    »f10 ) 

/"    EERiy"*"^ 
ypage 1 of ay 

I Mo 

Set Integration flag = 1 

Is fl 5= t 

:io 

Set flag = c 

I 
Compute potential, 
Bessel functions 

€> 
Flag = 1 

> 

Calculate derivatives of 
wave functions 

Calculate integrand of matrix 
] elements for K (n,  H ') 

I 
Is radius > 1.0 

I No 
I   Fp-tor = (radius) 

Y + v' 

Multiply integrand 
by factor 

0-—H: I 
Continue 

kö 

-ISS. 
*& 

Yes 

Loop on free wave^-v 
functions to(3öj 

Loop on matrix^- 
elements tofVA 

Bypass multiplicatin! 
factor      j 

"■■"••"wBMKWÄKöföÄjgjäg 



rf      1 

© 

c DERIV  > 

Page 2  af 2. 

Loop On matrix 
elements to © 

Calculate integrand of matrix 
elements for K£ (H ', *) 

( 

I 
Is radial value > 1 

-\   Yes  ^^ 

I No 
Factor = Radius )Y + v 

i 

I 
Multiply integrand by factor 

0 -i 
I 

Continue 

I 
•^K      Return  ) 

1+9 - 
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»lent otHi 
bUHKUUIINt UtKtV OER00010 

tOMPUFtb ÜLKlVATIVtS OCR00020 
COMMON HI»MALf-PI»l-OUKHl*KAU»SU2rQ»ZA*ZA2A»EFN»£6NiV»C6(30)»6AM(30}0ER00030 
CüMMüN/Bt!>btL/FHli»»PC(l5».0F(15»15)»Ml»M2»B(l5) OEROOOiiO 
COMMUN/UFUNC/F(30)*6(30)»DF(30)>OG(30)»OFKC200)rOFKP(200)»CF(30).H0ER00050 
COMMON /LlMIT/JMfLMfKM»K2M»IEND»NEW»NKiNKP»JKB»LMKB»NTAB 
COMMON /TAPtb/X(lbüÜ)»i>CF(l500>»FB(l500)»6B(1500>.GAMB»SCREEN 
COMMON/VtCI/KF(20U)»KÖ(2Ü0)»LbES(200)»LBSC200)»LKB 
IF INIAB.ÜI.3)     60 TO 10 
NEW = 1 
00 IÜ bU 

lu IF INLN.bQ.U)     60 TO 3U 
Nt* = U 
V=-SCFINTAÖ)/X(NTAB> 
Z = U*XtNTAb) 
CALL SKHHtb Hi 
faO 10 Jl 

^u Nt* = 1 
a Ü0 ^   N=l»KiM 

UFIN> = CMN)*F(N)/X(NTAÜ)-(EFN-V)*G(N) 
35 U6(N) S C6{N)«fatN)/X(NTAB)+(tGN-V)*F(N) 

UÜ HU N=1»NK 
1 = Kb(N) 
L = Lbtb(N) 
UFMN>=B(L)*6(I)*Fb(NTAöJ 
IF tX(NTAb).6T.l.ü)     60 TO HO 
A = bAMdJ+GAMÜ 
UFKlN) = U»-K(N)«(X(N1Ab) )**A 

HU CONli.MUE 
ÜÜ HI N=1»NKP 
1 = KUN) 
L = Lbb(N) 
UFKHlN>=b(L)*F(l)*6b(NTAb) 
IK (X(NTAU).öT.l.O)     GO TO HI 
A = GAM(i)+GAMb 
UFKHIN) = üFKP(N)*X(NTAb)**A 

Hi CONIiNUE 
5U HETUKN 

tuu 

OER00060 
OER00070 
DER00080 
DER00090 
DER00100 
OER00110 
OER00120 
DER00130 
DER001H0 
DER00150 
DER00160 
DER00170 
OER00180 
DER00190 
DER00200 
DER00210 
OER00220 
OER00230 
DER002H0 
OER00250 
DER002Ö0 
DERÜ0270 
DER00260 
DER00290 
DER00300 
OER00310 
OER00320 
DER00330 
DER003H0 
OER00350 
OER00360 
DER00370 
DER00380 
DER00390 

- 50 
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SUBROUTINE FILL 

Purpose:    Computes 0(H,V) 

Method:     0(KA) is computed in two passes, one for K.i*. H') contributions 

the other for K^K' H) ajid then the two pieces are added in 

subroutine HUM to yield 0. The selection rules are examined 

for each matrix element contribution to determine what values 

of (X - /) are allowed. If X = I ± 1, f can assvre only the one 

value f = X + 1/2; if X '- i both the preceding values of f are 

possible. In the final run-through the remaining selection 

rules required for R are checked, R is computed from explicit 

algebraic expressions for the Racah coefficient with J^ = l/2, 

the corresponding Clebsch-Gordan coefficient called and 0(H,X) 

formed with appropriate I  sumnation. The indices used for 0 

are X and K (K is a positive integer uniquely related to H). 

Subroutine called: 00EPS 

Subroutine called by: HUM 

Labelled Conanon: FAC, LIMIT, QUANT 

Argument sequence: (TK, KW, LB, NT, LP, Fl) 

Argument List: 

Name Dimension Mode   Meaning  

TK 200 R    Matrix elements 

KW 200 I    Index for H values in matrix elements 

LB 200 I    Photon angular momentum + 1 for matrix 
elements 

JIT I Number of matrix elements K.(K K') or 
KJCK'H) 

LP I *_Ht or iK, 

FI 30x15 R 0+(H,X) or 0_(H,X) 

- 51 - 
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Local Variables: 

Name      Dimension Node Meaning 

IMP 

LA 

K 

ID 

N 

L 

JC 

m, NB 

IAM 

LEF 

NL 

IR, IS 

R 

C 

JPL 

JML 

R 

R 

I 

Max photon angular momentxm + 1 

X 

Index of free electron state 

Twice bound electron i .,» 
+ 

Index of matrix element 

Rioton angular momentum 

Twice free electron j 
H 

Loop index for the  range of (X - i) 

2 * \ 

2 * {\ ± 1/2) 

{\ - I) + 2 

Terms in R 

R {oH, i-H- mK) 

Clebsch-Gordan coefficient 

2xJl+2xj    -2x photon angular 
H K 

momentum 

J2xJH,  -2XJH)    -2x photon angular 

mocentum 

I 

52 - 
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c Enter ITU. 

C 
D 

Cp\ m 3MtJUll«e 0± (H,X) - 0 

£ 

Loop tlir«ig>(D 

Loup on natrj 
eltments t(/22' 

A     im,      "N 

(^.   .   .      . . .       \ Yes   ^ KHmlm Is photon 1 > max J        >   "r   ^ ^ 

I 
Lnates high A terms 

reduction loop 

No 

For each matrix element, examine the 
selection rules UillX), X*!., AC^IX)} to 

index the permissible values of X -1+2 

( 

£ 

© 

is x ■ A + i 

I 
") ^fca—B^^ 

No 

f » X + 1/2 

I 
t Is A(i^• Atf) satisfied    j—S° »(l?) 

 i Yes  
Compute R from appropriate algebraic expression 

(according as JK'^ITH«) 

I 
Multiply by matrix element and C-coefficient and 

add into #± (H ,X) 

©" 
I 

Wis x - x - i\ 
""     T No 

Yes *0 
f » X - 1/2 

^ 

Loop on^-i+2 
tc/2ri 

53 
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9 
Ccmpute contribution to 0 (H,X) 

as above     ~ 

I 
Continue 

■•■ 

I 
Continue j 
-1 ' 

f      Return     j 

5^ - 

f    FILL  "^\ 
^Page £ of 2j 

(is A^. JHf)   satisfied     J     No    g-Z^T) 
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SiHML  FlUt 
SUBKOUTlNt  FILL   (TK*KMrLB»NT>LP*FI) 
COMMON  /FAC/FACT(67)»KrFAC(9b)fROOT(50) 
COMMON  /LlMlT/JM»LM»KM»K2MfltND»Ne»(»NK.NKP»JKB»LMKB»NTAB 
tOMMON/QUANT/LK!J0)fLMK(JC)»JK(30}»FKAP(30>*SN(30)*SI(30)>CR(30) 
UIMLNSION   IK(2Q0)»KM(20U)»LB(200)»FI(30»15) 
LMH=)LM«1 

UO  3  LA=1*LMH 
UO  3  KSl»K2M 

3 HU»LA)=Ü.Ü 
LU=^*LH 
UO  ^  N  =   Xi>   NT 
LSLBtNI-1 
IF   (L.6T.LM) GO  TO  22 
K=KM(N) 
JC=OK(K) 
If   (L.LQ.U> 60  TO  6 
L2=2*L 
JHL=OKB*JC-L2 
JML=lABi»   lJKb-JC)-L2 
IF   tJHL.LT.Ü) 00   TO  9 

4   IF   (L.tO.l) GO  TO  b 
IF   tJML.bT.l-2)) GO  TO  6 
NA=l 
NB=^ 
GO  TO  m 

6   IF   UML.GT.ÜJ GO  TO  B 
NA=^ 
Nb=J 
GO   IU   !*♦ 

b  NA=J 
NB=^ 
GO ro m 

V   IF   (U.h.0.1) GO   10   13 
IF   (JHL.Gb.U) Ü0  TO   11 
NA=1 
NB=1 
toO 10 I«* 

11   IF   (JML.GT.(-2)) GO  TO  13 
NA=1 
Nb=<: 
00 10 1H 

li   NA=*f 
Nb=<: 

!«♦   UO   21   NL=NA»Nb 
LA=L-Ü+NL 
LAM=2*LA 
IF   (NL.tQ.J) GO   TO   lb 
LEF=LAM+1 
IF   ULU+JO.LT.LEF) GO  TO   17 
IF   UAbMLU-JU.GT.LtF/ GO   TO   17 
IF   (JKb.UT.LU) GO   TO   lb 
lK=JKB+JC+tAM-m 
lS=JKb-JC+LAM+ü 
K=-KÜÜI(IM)*KüOT(Ib)*KOüTlLA) 
GO 10 lb 

lb IS=^C+JXb-LAM 
IF Ub.tU.U)     GO TU 17 
lKiJC-JKB+LAM-f2 
H=KOOT (IH) »HOOT (lb* »HOOKLA) 

lb CALL  COLFb (LtF*LU»JC»1»Ü»C) 
FI(K»LA)=HI(K»LA)+TK(NMK*C 
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FIL00010 
FIL00020 
FIL00030 
FILOOOUO 
FIL00050 
FIL00060 
F1L00070 
FSLCOOBO 
FZL0C090 
FIL00100 
FIL00110 
FIL00120 
FIL00130 
FILOOmO 
FIL00150 
FIL00160 
FIL00170 
FIL00180 
FIL00190 
FIL00200 
FIL00210 
FIL00220 
FIL00230 
FIL00240 
FIL00250 
FIL00260 
FIL00270 
FIL002aO 
FIL00290 
FIL00300 
FIL00310 
FIL00320 
FIL00330 
FIL00340 
FIL00350 
FIL003bO 
FIL00370 
FIL00380 
FIL00390 
FIL00400 
FIL00410 
FIL00420 
FIL00130 
FILOO*»**0 
FILOO^bO 
FIL00460 
FIL00470 
FIL00U80 
FIL00490 
FIL005Ü0 
FILOOSIO 
FIL00520 
FILÜ0530 
FIL005U0 
FIL00550 
FIL00560 
FIL00570 
FIL00560 
FIL00590 
FILOObOO 
FILÜ0610 



IV 

60 TO 21 1' IF (NL.EU.l) 
10 LtfSLAM-l 

IF ULÜ*JC).LT.LEF) 
IF UABSILu-JO.GT.LtF) 

60 

IF (JRb.6I.LD) 
J!>=JC»JKÖ*LAM 
IF (ii.tU.U) 
iH=JC*JK8-LAM*2 
60 10 iJÜ 
ibSJKb-Jt+LAM 
IF Ub.fcQ.U) 
lH=v/KÖ*JC*LAM*2 

t\i   K=HÜ0T (IK) «HOOl (li») •HOOT <LA*1) 
CALL  COtFb (LtF.LU»JC»l»ÜfC) 
H(R»LA)=H{K»LA)+TK(N)*«»t 
CONflNUE 
C0NI1NUE 
KETUKN 
tNU 

60 TO 19 

60 TO i!l 

6C TO tl 

TO 21 
60 TO 21 

FXL00620 
FIL00630 
FIL006«*0 
FIL00650 
riL00660 
FIL00670 
FIL00660 
F1L00690 
FIL00700 
FIL00710 
FIL00720 
FILCD730 
FIL007<»0 
FIL00750 
FIL00760 
FIL00770 
FILOO /»O 
FIL0079C 
FIL00800 

% - 
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SUBROUTINE HIM 

Purpose:    Cooiputes H(H,a') 

Method:     For every H > 0, the selection rules on the Clebsch-Gordan 

coefficient are examined to determine the alloved range of X 

values. The maximan (positive) value of n' and its minimum 

(largest negative) value are computed and indexed for subsequent 

use. Since j depends only on the absolute value of H, the 

Clebsch-Gordan coefficient is the same for (-H) as for H. Over 

the allowed range of positive u',  the Clebsch-Gordan coefficients 

are computed for given \  and  K  , multiplied in turn by 

0(H,X) and0(-K,X) to obtain corresponding contributions to 

H(H,iis) and Ei-ti,^'),  and the products are summed over X,. The 

results are denoted by HF(K,M) where K is a positive integer 

indexing H, and M = n' + 1/2. The procedure is then repeated 

for u1 negative, leading to HFM(K,M), where K is as above and 

M «-u' + l/2. The explicit separation of positive and negative 

H* terms is useful later on. 

Subroutines called: C^EFS, FILL 

Subroutine called by: RADIKT 

Labelled Cbramon: FIE0, LBdT, MAT, QUANT, TRANS, VECT 

Local Variables: 

Name   Dimension Mode Meaning  

L 

DIP 

K 

LA 

JC 

LAD 

I     Maximum photon angular momentum + 1 

I     Loop index for bound electron state 

X 

I     Twice j (free electron state) 

I     Minimum X from  selection rules 

57 - 



Naag Dimension Mode Meaning 

LAP I     Maximum X from selection rules 

JWS I     ^^mftx + V2 provided n' > 0 permitted, 
-1 otherwise 

JKEG I     (-n«)   + 1/2 v  'max   ' 

M I     Loop index for ^i1 

LAM I     Twice X 

MU I      Twice \x' 

58 - 
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f      Enter HtM ) 

<Call subroutine  FILL   twice   \ 
to cocipute ^ (H,X)   and 0  (H,>/ 

Z^""   HIM    "^N 
\Pace 1 ot 2J 

I 
\Pj—■"     Calculate «OtjO = \("A) + M_  (K,X) 

Outer loop on no.  of wavtTns. rD y'T 
inner xoop on max l for phitan + 1 

to (7/ 

78 

80 

82 

i 
E 

s max order Legendre o.oef. = Cn_Y££ 

I 
} 

Loop on no. v/ave fns 
by jijcrements  of & 

Only integrated cross 
section wanted 

No 

Set minimum \ = 1 

(is j (free state electron)*!^ Yes »(   n) 
K(bo\md state electron)    / ^\i_y 

TNO 

f   Return  J 

Calculate minimum X 

I 
Calculate maximum X 

( 

3 
Is max X > max photon 

angular momentum Try Yes 
I 

Set max X = max photon 
angular momentum + 1 

NoW 

Compute (n1) max + l/2 
If no positive p,', set flagj to -1 

Compute (-n1) max + l/2 

E 
f Is (^0 max + 1/2 < 0 

vYes 

i 
81 

Loop on range of (n') max + l/2 to (80 

Initialize H(H, U') = 0 
for n' < 0 

Loop on range of (-n^max + l/2 to 82 

Initialize H (K,^') = 0 
for pi' > 0 

- 59 - 

"V ^WSHMIIBWH—WWW^— ■'- .ij-.. .-^•■..     o'-'iVi.;.,  tl;   -''-   .--*•. .-. - -.-^ -- 



I Is min   X > max X 

I 
> 

Yes ^"N     /       HÜM        \ 
4 87 J     (Page 2of2  J 

N&Mf Eööp on X to(86) 

(   I? (u ') max + 1/2 < 0 j-^f K^M 

© 
Nof 

Calculate H (H, |i')  for ^'   > 0 

& 

& 

Loop on positive u1   toföj) 

Loop on negative (i' to (85) 

Calculate H {y.,s') 
for u' < 0 

I 
Continue 

I 
Continue 

C 
I 

Return 

60 

^1 

**»——w 



SIB»-It HUM* 
bUttHOUIINt HUM HUM00010 
COMMÜN/FlUO/Kl(30»lb)»O(d0)fJMP*NAMe»SHELLfQV.c3»IZ HUM00020 
COMMON /L1M1T/JM»LM»KM»K2M»IEN0»NCH»NK»NKP»JKB»LMKB»NTAB HUM00030 
COMMON/MAT/bf (vM))*M>(3U)tFK(200)*FKP(200)»SFK(200)»SFKP(200)»RCUT HUM000<»0 
COMMüN/QUANl/LM30>»LMKt30)»JK(30)»FKAP(30»»SN(30)»SI(30)»CR(30)  HUM00050 
tOMMON/THANS/Mf(JU»lb)»MFM(30.l5>»JNG(30)»JPS{30) HUM00060 
LOMMON/VtCI/Kf- (200) »Kö(200) »LbES<200) »LBS(200> »LKB HUM00070 
UlMtNSiON Fi(30»ib)»FTP(30*15) HUM00080 
LMP=LM*1 HUM00090 
CALL FILL tFK»KO»LBtb»NK«LMKB»FT) HUM0010Q 
CALL FILL lFKH»KF»Lbb»NKP»LKB»FTP) HUM00110 
UO ft  K=liK2M HUM00120 
ÜO 7/ LA=1»LMH HUM00130 

II  FnK»LA»:FFlK#LA)*FTP(K»LA) HUMOOmO 
IF t JM .tu. Ü J                 RETURN HUM00145 
UÜ 0/ K=lfK2M»2 HUM00150 
KP s K ♦ I HUM00i60 
JC=JMK) HUM00170 
LAÜ=1 HUM00180 
IF UC.ta.JKb)     GO TO 78 HUM00190 
LAü=lAbS (JC-JKb)/2 HUM00200 

16  LAP = (JC*J*öi/2 HUM00210 
IF ( LAP .(»I. LMP )         LAP = LMP                            HUM00220 
JPÜb=JC-2 HUM00230 
IF (JL.LT.^)     60 TO 79 HUMOOZtO 
JPOb=KIN0 tJKb'JPOb) HUM00250 
JP0b2(JP0b*l)/2 HUM00260 

/** JNtfa=MiNU UKb» UC+2)) HUM00270 
JNtb=(JNt(i-M)/2 HUM00280 
JNülK)=JNtb HUM00290 
JPbU)=JPÜb HUM00300 
JN6(KP)=JNLb HUM00310 
JPb*KP)=JPüb HUM00320 
IF (JPOb.Ll.U)     bO 10 61 HUM00330 
00 bU M=l»JP0b HUM003'+0 
HF(K»M) =  U.O HUM00350 

ÖU MF(^P»M) = U.U HUM00360 
bl UO biJ M=liJNLto HUM00370 

HFM(K»M) = Ü.0 HUM00380 
84 HF«IKP»M» = U.Ü HUM00390 

IF (LAU.GT.LAP)     60 10 87 HUM00400 
UO 86 LA=LAU»LAP HUM00U10 
LAM=2*LA HUM00'*20 
IF UPOb.LI.O)     60 TO 84 HUM00430 
UO 84 M=l»JPOb HUMOO^O 
Mü=i*M-l HUM00450 
CALL COtFb CLAM»JKb»dC»2»MU»C) HUM00460 
HF(K»M) = MF(K»M) ♦ H(K»LA) ♦ C HUM00470 

bi hF(KP»M) = HF(KP»M> ♦ F1(KP»LA) * C                                HUMOO^SO 
bH UU 8b M=1»JNL6 HUM00190 

MU=l-2*1vi HUM00500 
CALL COLFb (LAM.JKb»JC»2»MU»C) HUM00510 
HFM(K»M) = HFMCK»M) ♦ f-l(K»LA) ♦ C HUM00520 

bb MFMiKP»M) s HFM(KP»M) ♦ H(KP»LA) * C                              HUM00530 
bbCONtiNUL HUM00540 
b/ CONliNUE HUM00550 

HtTUKN HUM00560 
tNÜ HUM00570 

61 
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SUBROUTINE INTERP 

Purpose:    Interpolates on the bound-state tabulations for radii greater 

than one-half Bohr unit where the integration grid is much 

finer than the table, to obtain intermediate values of the bound- 

state wavefunctions and corresponding potential. 

Method:     Linear interpolation between successive entries in table. 

Subroutine called: None 

Subroutine called by: XDERIV 

Labelled Coranjr.:  LIMIT, 0NWARD, TAPES 

Local Variables: 

Name Dimension Mode Meaning  

DX R     Difference between two successive 
tabulated radial values 

DL R     Radial increment; difference between 
integrating radius and lower grid point 

QU0T R     Fractional radial increment 

DV R     Difference between two successive 
tabulated potential values 

DGB R     Difference between two successive 
tabulated values of "large" component 
of wavefunction. 

DFB R     Difference between two successive 
tabulated values of "small" component 
of wavefunction. 

65 - 



r Enter iTTHRP      j 

( 

Is radial variable >  \ Yes 
current radial grid value 

I No 

Proceed to perfonr. interpolation 

Compute difference of two successive 
grid radial values which bracket desire; 

radial value 

I 
Calculate radial increment and 

fractional radial increment 

I 
Compute difference between adjacent 

potential values, major components of waie 
functions and minor components 

of wave functions 

I 
Calculate by interpolation new 

potential, major & minor components 
of wave function corresponding 
 to radial value 

G^T 

f    HfEERP   A 
{Page 1 of IJ 

r^-® 

Return ^ 

Increment radial index by one 

6k 
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SittMC   IHM* 
bUbNOUTlNfc   iNTtKP INT00010 

^                 C(H4W>N/Ll»1XT/JW»LMtKM»K2M»ieN0»N£MfNK»NKPfJKbiLMKB»NTA8 INT00020 
f|                COMMON /0NMAHU/KX'bCX»6ttX»FBX INT00030 

COMMON/TAHbS/XClbÜU) *bCF(1500) »FB(ISOO) »GBUSOO) »GAMB'SCREEN INT00040 
d  IF   (KX.6f.X(NTAB«l))            60 TO 10                                                                            INT00050 

ÜX =  XlNrAU^D-XlNTAB) INT00060 
ÜL = HX-XCNTAd) INT00070 
0UOI   S ÜL/ÜX INT00080 
UV = StFlNrAb*ll-SCKNTAtl) INT00090 
U6b = 6B(NrAö*l)-6ö(NTAb) INTOOlüO 
DFB = FB(NIAtt«l)-FB(NTAB) 1NT00110 
bCÄ S bCHNTABl*QüOT*ÜV INT00120 
6BX = bB(NIAt))4äU0T*U6B INT00130 
f-öX = FblNIAü)*QUOT*DFH INTOOIUO 
bO 10 lb INT00150 

iU NTAb = NTAö*l INT00160 
GO 10 t> INT00170 

IS HE.IUHN INT00180 
tNU INT00190 

65 
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SUBROUTINE LEGEND 

Purpose:    Coniputes the Legendre coefficients of the cross section. 

Method:     For J = ft this consists of carrying out the sum 

2 2 
D0 = !Lfe£ E TTTT     Z    f^M  over all H and X 

\ H 

(The 0's have been initialized.) For j > 0, subroutine MUSS 

is called vhere the T^H^H1*) of the sum 

n2 2     i 
D. = ——^ (-1)° S  cos(6 - 6 ,,) T.CHJH") is performed. 

"Hie sunsnation ( (-1)  2 cos( )i. ( ) ) is subject to the 

selection rulej AC^^-.O)» A(^Ht.«5) and 'H + ^H" + ^ ~  even 

integer. Ihe diagonal terms in the double sum are done first 

(with the cosine equal to unity), carried over JH > 1/2 and 

contributing to even j terms only. Since the off-diagonal terms 

are symmetric in H and H", twice the sum with K" < K is taken. 

For given H and H", the smallest j for which there can be a 

contribution is I /„ - ^ ,11 provided I J - ,L,J is no- larger; 

otherwise j = I j - j i J has the wrong parity and the minimum 

J value is |^ - JM,,j + 1 = j iH - iH, ,j + 2. There may also be 

contributions for larger j (going up in steps of two to preserve 

parity) up to the lesser of (/„ + J<L ,,) and (j + .L,,)> or up to 

an assigned maximum j if smaller. 

Subroutine called: MUSS 

Subroutine called by: EELEC 

Labelled Common: F3D0, LIMIT, QUMfT 

- 6? 
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Local Vaj •iables: 

Name Dimension Mode Meaning 

IHP I Max photon angular momentum + 1 

J I Order of Legendre coefficient 

LA I X 

STAT R 2^ + 1 

SKP R 2 02(H,X) 
H 

JMAX I Max j contribution for given H and H'• 

JMIN I Min ,1 contribution for given H and H" 

K I Loop index for bound electron state 

TJ R Tj (H,H") 

JDIF I I'H-V- 
C0D R 2 cos (6M - 6H.t) 

MINI I i-D'-1 
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C 

79 

& 

81 

82 

C Enter LECTTD 

z ") 

Initialize Legendre coefficients of 
cross section to zero 

Loop on max 
order of Leg~>-^ 
£oef. + 1 toHSJ 

GIÄ2HD   ""N 
tge 1 of 2j 

E 
Calculate Z 02(H,X) 

Loop on X to(8lJ 
Loooon no. «Rfe functions 

I 
Compute zero order Legendre 

coefficient 

C 
I 

max order of Leg 
coef = 0 _> 

Yes 
Sum completed 

No (5 
Is max order 

coef 
er oi' Leg.     V Yes No further diagonal 

terms 

© 
(      Is 2JH (of free electron 

state) = 1/2 

Loop on no. 
wavg^functions 
to^B?) 

No further diagonal \_Yes^ 

ip on rftnge LUUp on mnge 
of $ to^S?) 

terms 

CaJ-culate diagonal terms in 
T. (HK") and add into sun 

for Legendre coefficients 

©■ 
I 

® 

Continue Outer loop  on no. wave functions tc/o 

Inner lj>QP on outer loop index 
- 1 to^ 

Min j  =   UM  - IK 

I   s_ .=»-v.o.v,, .•.■■M,?m*01'- 



9 (page 2 of P J 

(   IS JH   ~   •'K" >lain   j 
 flo—I 

Yes 
Set min j * min -; +2 

I 

/       Is mln j > max order of    \ 
\ Leg, coef. J 

Yes 

I No 
O 

Max j ^ JM
+JU n > t +iM 11 > «M;increment mln 

j   and max J   by 1 for indexing 

c i 

c 
Is max J < min j -) ÜL_^ 

No 

Is K.E. for electron zero 

I 
> 

Yes 

No 

Compute 2 cos  (6 -6  ,,) 

(*)" 

(£hH Set 2 cos  (6H-6K,,)  = 2 

i 
Multiply 2 cos   (6-6   ,,) by (-l)J 

H      H 

87 

I 
Calculate off diagonal terms in 

IH") COS(6K-6HI,) £ 

sum for Leg.  coef. 

2t, T    (KH") cos(6 -6„,,) and add ir 

(S> 
I 

Continue 

89 ■•« 

I 
Continue 

©" 
7~r~ 

-^/^   Return        J 

- 70 

<S) 

Loop frcm^min to 
J max to^B?) 
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till»'IC Ltfefe. 
MJHMOUTlNt LEGfcNO 
tOMi»ON/HlW/FI(30»lb)»D(30>»JMP»NAMt»SHELL»QV»tB»IZ 
C0MIH>N/LIMIT/JM»LM»KM»K2H»IEN0*NCH»NK»NKP»JKB»LMKB*NTAB 
tOM«ON/ftUANr/LK(39/*LMK(30)fJKOOI»FKAP(90)»SNOO)»SX(30)fCR(30) 

UO   /V JS1»JM»> 
/V U(J):U.O 

ÜO  tti  LA=l»LMH 
«»TATS2*LA+1 

UO  ttU  K=1»KÜM 
ttU  bKH = SKH«>-l(K»tA)*f-l(K»LA) 
01  Umzum+bMVbTAT 

IF   (JM.kO.U) 60 
IF   IJM.E.Q.1) 60 
UO  »3 K=1»K^M 
IF   (   JMK)    .tu. 1   ) 

04 

c 

a* 

TO 
TO 84 

60 TO  83 

UO  82  j:3»JMAX*2 
CALL  MUSb(K»K#J»Tj; 
U(JI=U(J)^TJ 
C0N1iNUt 
UO  8V  K=2»K2M 
*LS=R-1 
UO 88  KK=l»KLi> 
JM|fl=lABS(LK(K)-LKtKK)) 
JUi»- = IABS(JK(K)-JK(KK)) 
IF   (JUll-.bl .(2*JM1N)) JMIN=JMIN+2 
IF   iJMlN.6I.JMJ 60   TO   36 
JMIN^JMIN-*-! 
JHAX=M1NU(UJMK)*JMKK))/2)*(LK(K)+LK(KK))*ÜM)+1 
IF ( JMAX .LT. JMIN ) 60 TO 88 
IF ( IfcNO .LQ. 1 )     60 TO 8b 
COU = 2.U « ( CK(K)*CK(KK) ♦ bl(K)«SI(KK) ) 
60 10 06 
COU = 2.U 
MINIS MO0(JMIN»2) 
IF (MlNl.bu.U)     COU=-COD 
UO 8/ J=JMIN»JMAX»2 
CALL MUbS IK»KK»J»1J) 
UlJ)=UtJI+|J*COU 
CONIINUL 
CONIINUt 
HEIUKN 
tNU 

LEG0001C 
LE600020 
LEG00030 
LE600040 
LE600050 
LE600060 
LEG00070 
LE600080 
LEG00090 
LE600100 
LE600110 
LE600120 
LE600130 
LE600140 
LE600150 
LE600160 
LEGOOITO 
LE600160 
LE600190 
LE600200 
LE600210 
LEG00220 
LEG00230 
LE600240 
LEG00250 
LEG00260 
LEG00270 
LEG00260 
LE600290 
LEG00300 
LEG00310 
LE600320 
LEG00330 
LEG00340 
LEG00350 
LEG00360 
LEG00370 
LEGÜ03eO 
LEG00390 
LEG00«4Ü0 
LEG00110 
LEG00420 
LE60(W30 
LEG00440 
LEGOOHöO 

c 
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C 
SUBROUTINE L^GaAM 

Purpose:    Computes the natural logarithm of the gamma function for complex 

arguments, i.e. Re in r(x + iy) and Im in r(x + iy) 

Method:  a) Set r(z) = -z + (z - l/2) inz + W2jr+ J(z) where j(z) is 

given as a continuous fraction. See Wall, "Analytic Theory of 

Continued Functions," p. 36^, formula 95.9. 

b; For x > 2, in r(z) is computed from the recursion relation: 

inr(z) = inr(l + z) - inz 

c) For negative x, the Tm inr(z) can be thought of as being equal 

to V + 2tTk where k is an integer and V is given by this routine. 

Restrictions: a) x and y may not both be equal to zero. 

b) if y = 0, x may not be equal to a negative integen 

This routine is taken from M. S. Shapiro and M. Goldstein, "A 

Collection of Mathematical Computer Routines," NYO-l^O-lU (1965). 

Subroutine called: None 

Subroutine called by: RADINT 

Argument sequence: (X, Y, U, V) 

Argument List: 

Name Dimens ion Mode Meaning  

X 

Y 

U 

V 

R Real part of argument 

R Imaginary part of argument 

R Real part of result 

R Imaginary part of result 

c 
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Side IC LGAM 
bUUKUUHNb LöG6AMU»T»U»V) 

t TMiS SUbKüüTlNt tüMPUTtb TMt NATURAL LOG OF THE GAMMA FUNCTION 
t CüMKLtX AHGUMtNTS.  THE ROUTINE IS ENTERED BY THE STATEMENT 
t     (.ALL LU6GAM(X»TfUfV) 
t WMtHt   X IS THt REAL PART OF THE ARGUMENT 
C        Y ib TMt IMAGINARY PART OF THE ARGUMENT 
C        U is THt REAL PART OF THE RESULT 
t V IS FML IMAGINARY PART OF THE RESULT 

ÜIMtNSION H(7) 

Ml2)=l.bl7H/J6«»9 
HiJiri.ülläüJUbe 
Hm) = ,bi»5bUbHbVU 
H(b) = .i;b^Jöüyb2«* 
h(b)=U.UJ^J>Jü353 
m n=U.U8i333J333 
tü=l.b^ü/yb3iJb7y 
E.8=3.1<*lbyiJbbJby 
bi:u.U 
ö£-U.U 
J=2 
X2=X 

<♦   iFlXUf2»J 
3  bb=:ATAU   (Y/X) 

|5X*X 
b b7=Y*Y+T 

t  HtAL KAKT OF LOG 
Tl=U.b*ALüb(b7> 
lF(X-2.0)/»7»b 

/ bl=bl+bb 
d2=bü+fl 
X=X*1.U 
J=l 
GU Fü H 

b  T3=-Y*bb+(Tl*(X-,b)-X+.91ö9Jfab332 ) 
12=bb*(X-.b)+Y«Tl-Y 
m=x 
Tb=-Y 
ri=b/ 
UO Ö 1=1»7 
T=H(i)/Ti 
i(4=i«m+x 
Tb=-(I*rb+Y) 

b U = m*m+Tb*T5 
l3=T*-X+r3 
12=-rb-Y+T2 
be iu {y»)u).j 

y T3=T3-b2 
Tü=lü-bl 

IU iF(X2)ll»12»12 
12 U=T3 

X=X2 
KtlUHN 

li lj=13-t*+ 
v=ii:-tb 
X=X2 
HLTUHN 

t   X lb /-LKU 
d   (=U.U 

lF(Y)l3»m»lb ~ 7I+ - 

FOR 
LGM0001G 
LGM00020 
LGHC0030 
L5M000U0 
LGMOOObO 
LGM00060 
LGM'JOOTO 
LGMOOOeO 
LGH30090 
LGM00100 
LGM00110 
LGM00120 
L6M00i30 
LGMOOIUO 
LGM00I50 
LGMOOlbO 
LGM00170 
LGM00180 
LGM00190 
LGM00200 
L6M00210 
LGM00220 
LGM00230 
L6M002(lO 
L6M00250 
LGM00260 
LGM00270 
LGM00280 
L6M002Q0 
L6M00300 
LGM00310 
LGM00320 
LGM00330 
L6M003U0 
LGM00350 
LGM003bO 
LGM00370 
LGMÜ03Ö0 
LGM00390 
LGM00**U0 
UGM00U10 
i. .-MÜ0420 
LGM00430 
LGMOOHIO 
LGMOO^SO 
LGMOO<+bO 
L6M00170 
LGM00480 
L6M00490 
LGV005Ü0 
LbMOOSlO 
LGM0052C 
LGM0053C 
LGW005HC 
LGM005SC 
LbMOOSbC 
LGM0057( 
LGM005rt( 
LGM0059( 
L6MÜ06Ü1 
LbMOObll 
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IT C 

14 t»b=-t2 L6M00620 
60 TU b L6M00630 

lb HbZM L6M006<»0 
60 10 b L6M00650 

X lb NLbATIVt L6M00660 
i m=u.u LGM00670 
tbsu.ü LGM00660 
lEbsu L6M0G690 

lb L<»=LH«.b*(AL06(X*X ♦Y*Y )) L6M00700 
Lb=tb*ATAN IY/X) LGM00710 
ILbSlLb^l L6M00720 
XSX+1.0 LGM00730 
iFU)lb»l7fl7 LGMPtmO 

1/ 1F( MOU (itb.2))ie»'*»18 LGM00750 
I» tb=tb*t8 LGM00760 

60 10 H LGM00770 
iH IkHllttbflV)            X2*Y LGM00780 
iS >-üKMAT(29H ATTtMPTtÜ TO TAKE L066AM OF 2HX=F6.0.1X2HY=F6.0) LGM00790 

CALL LXII LGM00800 
KETUMN LGM00610 
^•Nü LGM00820 

75 
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SUBBOUTINE MUSS 

Purpose:     Performs the \i% sum and computes the term T. (H,K") = 
J 

C(j ...Lj; 1/2,- 1/2) E (-1)^' + 1/2 H(H,u'U(H",|i') 

I i 

C(j ,ij j; n' + 1, -v-'  -l) which is used in computation of 
H   H 

D    (Legendre coefficient). 
J 

Method:     The sum is carried out first for {\i' +  l/2) ^ 0, computing the 

C-coefficients and recording them as an indexed variable, the 

upper limit on \i'  being the lesser of the upper limits for 

K and K'1 computed in subroutine HUM. The sum for the negative 

(u' + 1/2)  is similarly carried up to the lesser of the maximum 

j H* j values for negative ji', but the C-coefficient is obtained 

from the previously obtained ones by a symmetry operation 

(introducing at most a sign change). The C-coefficient in front 

of the sum is the one computed for n' = -l/2. 

Subroutine called: C0EFS 

Subroutine called by: LEGEND 

Labelled Common: QUANT, TRANS 

Argument sequence: (K, KK, J, TJ) 

Argument List: 

Name Dimension Mode   Meaning  

K 

KK 

J 

TJ 

I Index for H 

I Index for K " 

I Order of Legendre coefficient + 1 

R T.. (H,H") 
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local Variables: 

Name Dimension Mode   Meaning 

«JD I Twice order of Legendre coefficient 

C R Clebsch-Gordan c 'efficient 

CL 30         R Clebsch-Gordan coefficient saved 

JP0S I Range of positive M' (-1 means none) 

M I Loop index for n' 

IM P.    (-ir   '      (times i H H   if ti« negative) 

MP 12 I H' + 1 I 

JNEG I    Range of negative n' 

Jl^D I      i H  K 
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50 

55 

51 

.52 

C Enter MOSS 

I 
3 /"      MUSS    ^N 

i^Page 1 of 1/ 

Calculate T    ( KK") tera for 

for n' = -1/2 and save C-coef. 

I 
Calculate (ii1) max +1/2 as lesser 
of values for H and K" obtained 

in HUM 

( 

I 
Is this value equal to -1 

Yes 

No   Loop on range of 
positive ii' toMO \ 

No positive p' 

T 
© 

Compute T (HH") terms for ^ > 0 
J 

and add; save C-coefs. 

Calculate (-^l) max + l/2 as lesser 
of values for H and K'' 

( 

I 
>H Is this value equal to 1   I »        Finished s\nnming 

Loop on range^J 
negative n' tc/^l^ 

Compute T    (HH") terms for ^  s -l/2 
J 

and add; use appropriate C-coef. 
values from above 

I 
Final value of sum for T- (HH11) 

multiplied by C-coftf. val\-c for 

t 
I  Return   J 

-  79 



SlttMC MUSt 
bUbKUUflNE MUbS (K»KK»J»TJ) 
COMMON/QUANT/LM30)»LMK(30)rJK(30)'FKAP(30)»SN(30)rSI(30)rCR(30) 
COMMON/TRANS/HF(30»lb)»HFM(30»15)*JN6(30)>JPS(30) 
UIMtNblON CL(3U) 

CALL  LObFb(JK(K)»JK(KK)»JU»l»-l»C) 
1J = HKK1K.1) * HhMlKK»!) * C 
CLU)=C 
JPOb=MlNÜ(JPb(K)*JPb(KK)) 
IF UHOb.tU.l-D)     60 TO 33 
HM=1.U 
UO 3U M=ltJHOb 
KM=-KM 
MH=i;»M*l 
CALL  CUtFb(JK(K)*JK(KK).JO»MP»-MP»C) 
LLIMK)=C 

■3^ 

31 
3* 

TJ = TJ ♦ MKK»M) • HKKK» 
JNLb=MlNÜ(JNÜ(K)»JN6(KK)) 
IF UNtG.tO«!)     60 TO 32 
JMOU=MOL)( (JK(K)+JK{KK)+JÜ) »4) 
PM=-1.U 
IF UMOU.tU.U)     HM=1.0 
UO ^1 M=2tJNLG 
HM=-KM 
MP=i:*M-3 
1J = !J ♦ HFM(K»M) • HFM(KK»M) 
TJ=IJ*CL(1) 
KtTUKN 
LNU 

M) ♦ C ♦ PM 

* CL(MP) ♦ PM 

MUS00010 
MUS00020 
MUS00030 
MUSOOOUO 
MUSOOObO 
MUS00060 
MUS00070 
MUS00080 
MUS00090 
MUS00100 
MUS00110 
MUS00120 
MUS00130 
MUSOOIUO 
MUS001S0 
MUS00160 
MUS00170 
MUS00180 
MUS00190 
MUS00200 
MUS00210 
MUS00220 
MUS00230 
MUS00240 
MUS002bO 
MUS00260 
MUS00270 
MUS00260 
MUS00290 
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SUBROUTINE RADIKT 

Purpose:    This is the control subroutine for the integrations. 

Method:     The requisite coefficients and the initial values of the free- 

electron wsvefünctions and their derivatives are computed. The 

radial integrals are performed by calling the Runge-Kutta 

integration subroutines in JJ0  loops. Normalization factors are 

obtained frcm WNORM and applied to the matrix elements. Hie 

phase shifts are obtained by wave-matching. Finally, subroutine 

HUM is called to start the angular momentum sums. 

Subroutines called: L0GGAM.  RKUT, DERIV, XDERIV, XRKÜT, WI^SM, SPHBES, HUM 

Subroutine called by: PELEC 

Variables in unlabelled Sbmmon: PI, HALFPI, RftURPI, RAD, SQ2, Q, ZA, ZAZA, 

EFN, EGN, V, CG, GAM 

Labelled Comnon: BESSEL, DFUNC, LIMIT, MAT, QUANT, VECT, ANWARB 

Local Variables: 

Name Dimension Mode Meaning  

E 

RK 

I 

TUGAM 

IUP 

50 

R 

R 

I 

R 

I 

I 

Free electron energy (in mc units) 

Va - 1, free electron momentum 

Loop index of free electron state 

2 y»t  - f    Z    ,2 + 1 
d rY 

N 

XCUT 

WAVE 

l137.0567; 

Max number of matrix elements 

Loop index to initialize to zero components 
of free electron wavefunction, their 
derivatives, integrand for matrix elements 
and their integration storage variables. 

Range on number of iterations for radial 
integration up to radius of one. 

Radial cutoff on uniform grid in 
tabulation. 

Max of wave numbers of free electron and 

photon. 
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Naiae Dimension Mode Meaning 

LUB 

RX 

LTOT 

Range on nvcnber of iterations beyond 
one-half Bohr radius for radial 
integration 

Current radial variable beyond one-half 
Bohr radius 

'-H- + '■* + ' 
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c Enter RADHUT D / RADnrr  \ 
(page 1 of 5 ) 

(is K.E. of electron = (*• 

 f No  

Yes Compute asymptotic    •""N. 
form for C momentum  W502 ] 

case 

Set flag for 0 momentum 
case to zero 

I 
Calculate intermediate variables 

I Loop to on no,—wave 
functions tooOO^, 

Compute starting values for integration of 
wave functions, their derivatives and 
integration coefficients with pure Coulomb 

values properly normalized except 
for one factor 

Test K for sign to avoid 

round-off difficult.es 

( 

I 
IS K > 0 

I No 
Compute starting values 

one way 

•V?s-^g) 

f270 

Compute starting values 
alternate way 

I 
Compute derivatives of 

wave functions 

< 

I 
Continue 5—*® 

r, 



30?' Calculate asymptotic form   for 
zero electron momentum 

i 
Set flag for 0 momentum case = 1 

c 
T 

IS K > 0 

I 
) 

Yes 

no 

Compute integration coefficients and 
starting values of wave functions 

<i RADINT Page 2 of 5 
-/ 

© 
Loop on no. 
wave^unct ions 
tone 

& 

Compute integration coefficients and 
starting values of wave functions 
 alternate way 

T 
i 

Calculate derivatives of 
wave fvnetions 

< 

I 
Continue A 

I 
^y 

Set radial index in bound state 
tabulation to one 

Prior to^start of integration 
initialise be 0 matrix elements, their 
derivatives, and integration storage 

locations 

i 
Initialise to 0 storage locations 

for wave functions 

I 
Set integration step size for 
integration up to radius of one J 

loop on max number of 

"matrix elements  to 6l5l 

loop on free »ajfe 
functions toploj 



r 

50, 

J65 

& 

& 

Calculate no. of iterations on 
Icon to integrate up to radius 
 1 Q^ one  

1 
Call RKUT for integration 

up to radius = 1 

T. 
Insert remaining factor in initial 

normalization of wave functions, 
their derivatives & integration 

storage locations 

1 
Insert factor in matrix elements 

K.(*-K-')> -he derivatives and 
storage locations 

Insert factor in matrix elements 
K.CK'H), the derivatives & 

storage locations 

Ret step size for integration beyond 
radius of one, compute radial 
cutoff on uniform grid tabulation 

I 
Call subroutine DERIV to   \ 

supply derivatives for integralior 

I 
Calculate no. of iterations on loop 

necessary to integrate up to 
 radial cutoff  

/ 
1 

-t^  Call RKUT to integrate 

( 

I 
> 

(l 
RADTNT 

Page 3 of 5 y 

Is cutoff radius for integration <; "\ Y^s 
radial cutoff on uniform grid 

I 
> 

No 

Must continue integration by 
interpolation process 

- e5 - 

Loop on no. of 
iterations to 
integrate up to,.—v 
radius of 1 to 650) 

Loop on no. wqjite 
functions to i%7\ 

Loop on no. 
"matrix elements 

K (KH') to 
f50Ü\l 

Loop on no. matrix 
elements  .'--^ 

■K.(H H) to 510) 1 ^_y 

Loop on no. iterations 
to integrate UB-—\ to 

cutoff radius to  n70 

Integration 

completed 



Q RADINT  \ 
Page h ot 5/ 

Call subroutine XDER1V to 
"'.v-.ply deriva Lves ü'oi- 

. r.: o; i* ri   L o:. b r^.'o;. d 1 /?: Bo 1 x 

I 
Compute step size for integration 

I 
Is step size > 1 

Yes 
= 1 Set step size = 

L Wo   J* 

37b 

Calculate no. of iterations on 
loop necessary to integrate up 

to cutoff radius 

@—< 

E 
Call subroutine XRKUT to 

integrate 

I ) 

Loop on no. of iterations 
'to integrate to cutoff 
radius to^Tri 

Call subroutine WNORM for        \ 
normalization factors / 

I 
Is flag for "O" momentum case = 1 

E 
Yes 
♦  No phase shifts 

Loop on '— 
No 

Calculate sine & cosine of 
phase shifts 

< 

I 

no. wgive functions 
to (380s. 

Continue J 

Multiply Aii.'.rix eleiiients 

K (KH') by (-1)^.H'+V^
)/2 

Xi 

Loop on no. matrix elements 
K (KK') to/hOO 

66 
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€> 

i: 
0- 

( 

Multiply matrix elements by 
normalization factor 

Multiply matrix elements 

MK'K) by (-l)U-K'+Vi)/2 

I 
Multiply matrix elements by 

normalization factor 

I 
Call subroutine HUK to s 

summing process 

r I 
Return 

tart   >i 

Loop on no. matrix 
elements     /-"^ 
K (K'K) tofUO^ 

- c? 



Sit)»-It KAUN 
bUHHÜUTlNt KAUINT RADOOOIO 
COMMON HI»rtALFPl»FüUHPi»RAD»S02»0»2A.ZAiA»EFN»EGN»V»C6(30)»6AM(30)RAD00020 
tOMMüN/ötSbtL/f-L(lbJ»HC(lb)»OKlb»lb>»Ml»M2»b(15) RA000030 
tOMMON/üFUNC/t-130) »G(3U) »DF(30) »06(30) »ÜFK(200) »OFKP(200) *CF(30) »HRAOOOOtO 
tOMMON/LlMlT/JMfLM»KM»K2M»IENU»NEW»NK»NKP»JKB»LMKB»NTAB RAD00050 
C0MM0N/MAr/bF(3U)*bb(3U)»FK(200)»FKP(200)»SFK(200)*SFKP(200)»RCUT RAD00060 
COMMON /ONWAKD/HX»bCX»t>t*X»FBX RAD00100 
COMMON/QUANT/LM30).LMK(30)»JK(30)»FKAP(30)»SN(30)»SI(30).CR(30)  RAD00070 
COMMON/VtCT/KF(200)»Kb(200)»LBES(200)»LBS(200)*LKB RADOOOBO 
UlMtNblON KNOHM130>» TUbAM(30) RAD00090 

1UÜ FOHMAllbXOÜMLtNGTH UNITS ARE HBAR   MC ( 1 BOHR RADIUS = 137 )//)RAD00110 
1U1 FORMAT (bX.Z'+HlNTEGRATlON STEP SIZE IS»F11.7» 5X»5HUP lOiFV.Z'/)     RA000120 

2bö 

tfu 

4UU 

JU«: 

t = tFN+l.U 
tGN = t+l.U 
IF 1 LFN .tJ, 0.)    60 TO 302 
HK   = bOH((bFN*EbN) 
IfcNU = 0 
bGtb = bÜHT (LON) 
bQt = KK/bütü 
KKE = HK / LGN 
toNU = ^A«E/KK 
IKK = 2.Ü♦K^ 
T«OKK = tXF- ( GNU * HALFPI ) / bQRT ( TRK • PI ) 
ÜO <iUÜ I = 1»K2M 
bAM(l) = buKT (FKAP(1)**2-2A2A) 
lUGAM(l) = 2.0*GAM(1)*1.Ü 
CALL LOGGANI (GAM( I) >GNU»XRL»XIM) 
ZK = Ii(iiüRK*(THK**GAM(I))*EXP(XRE) 
IF IFKAP(l).üT.Ü.O)     GO TO 268 
CFU) = FKAPU)-GAM(I) 
C6(I) = -ZAZA/CFd) 
MM = ZAZA ♦ EFN / ( CF(I) ♦ ( E* FKAP(I) - GAM(I) ) ) 
HP = 2.0 - HM 
HM = bÜRT ( HM ) 
HP = bÜKT ( HP ) 
GU) = ZK ♦ bQtb * ( GAM(l) • HP ♦ GNU ♦ HM ) 
F(i) = ZA«6(I)/CF{U 
GO 10 dli) 
CGID = -FKAP(I)-6AM(I) 
CF(l) = -ZAZA/CGd) 
HP = -ZAZA * t6N • ( E*FKAP(I)+GAM(I) ) / CG(I) 
HP = HP / ( EFN * tGN ♦ FKAP(I) ♦ ZAZA ) 
HM = 2.0 - HP 
HM = bUHT ( HM ) 
HP = bÜHT ( HP ) 
F(I) = ZK • bQt ♦ ( GAM(I) ♦ HM ♦ GNU ♦ HP ) 
GUJ = -ZA*F (D/CGd) 
DGdi = F(l>«((l.ü-CF(I))*tGN-CF(I)«EFN)/TUGAM(I) 
UFU) = -GII)*((1.Ü-LG(1))«EFN-C6(I)*EGN)/TUGAM(I) 
CONliNUt 
GO IU iUV 
HAZ=büKT (ZA) 
lUAZ = 2.0*ZA 
itrju = 1 
ÜÜ iUb 1=1»K2M 
GAMU) = bUKF (l-KAP(l)*»2-ZAZA) 
TUGAM(i) = 2.0 * GAM(i) ♦ 1.0 
F(l) = HAZ*(ruAZ**GAM(l)) 
IF (FKAPd* .6T.Ü.Ü)     GO Tu 30H 
F(I) = -K(l) 
CFU) = FKAHm-GAMU) 

- RF - 

RAD00130 
PAD001U0 
RAD00150 
RADOOloO 
RAD00170 
RAD00180 
RAD00190 
RA000200 
RAO00210 
RAD00220 
RAD00230 
RAD002U0 
RADC0250 
RAD00260 
RAD00270 
RAD00280 
RAD0029Ü 
RAD00300 
RAD00310 
RAD00320 
RAD00330 
RAD003<*0 
RAD00350 
RAD00360 
RAD00370 
RAD003faO 
RAD00390 
RADOO^OO 
RAD00410 
RAD00U20 
RAD00130 
RAD004I+0 
RADOO'lSO 
RAO00<+60 
RAD00U70 
RAD004H0 
RAD00490 
RAD00500 
RAD00510 
RAD00520 
RAD00530 
RAD005»*0 
RAD00550 
RADOOSbO 
RAD00570 
RADÜ0560 
RAD00590 
RADOObuO 
RAD00Ö10 



t ^UH 

AUS 

JUb 

C6UJ   =  -ZA^A/Chdl 
AZKAH   =  CFUI/ZA 
00   10  AUb 
C6(l)   =  -»-KAPm-GAMlI 
CHU   =   -ZA^A/tGtl) 
AZKAP - -ZA/Ctiil) 
6(X) = AZKAH*F(I) 
UFli) = -FU)*TUAZ/1U6AM(I) 
ÜGU) = Ü.U»F(l»*ll.0-CF(I))/TU6AMtI) 
C0N1INUt 
NTAtt = 1 
Kl   ~  LM+l 
M2 = LM42 
1UH = MAXU INK.NKP) 
DO Alb N0=1»1UP 
► MNU) = U.Ü 
hKHINO) = U.U 
UFMNU) 2 U.U 
ÜFAHINÜ) = U.U 
bFMNO» = U.U 
bKKPtNO) = U.U 
UO Alb N0=1>K2M 
bF(NU) = 0.Ü 

Alb bGINO) = U.U 
H=U*UU/Bl^b 
N = loU/H ♦ ,1 
K0NL=1.U 
UO ^bU I=1»N 

AbU CALL KKU1 
UÜ Abb 1=1»K2M 
CALL LUGoAM (TUGAM(1)*U»DUM1»ÜUM2) 
HUOKMU) = tXK (-UUM1) 
KI) = Ml)*RNOKM(i) 
ÜUJ = G(n*KNORM(I) 

Alb 

AbS 

buu 

blu 

A/u 

ÜFU) = U»-tl)*KNOKMtl) 
UGU» = UG(1)*RN0KM(I) 
bFlU = bFU)*KNOKM(I) 
bG(i» = bGUMKNOHMU) 
CFll) = hKAH(l) 
CGU» = -FNAPCll 
ÜU bUU N=1.NK 
1 = Kb IN) 
FKIN» = FKlN)*KNORM(I) 
UhKUjJ = UhK(N)*HNORH(I) 
SFKIN) = bFK{N)*RNüRM(I) 
Üü blU N=1»NKH 
1 = KUN) 
FKHIN) = hKH(N)*KNüRMlI) 
UFKP1N) = UFKH(N)*KNÜKM11) 
bFKH(N) = bFKH(N)*RNüHMlI) 
KtKlIt ( t>f    IÜU ) 
(»Kilt tbrlUl) h»HONL 
H = U.l^b 
XCUI = AMiM (KCU7»bb.U) 
WKllt ( b» 1U1 i H» XCUT 
Nt* = 1 
CALL ULK IV 
NDON = «XCUI-1.U)/H+U,1 
Ü0 J/U nUU=l>NUUN 
CALL WKUT 
NX - XCUI 
IF (HCU1.LL.XCUI)     GO Tu A78 

RAO00620 
RA000630 
RAO00640 
RAD006bO 
RADOObbO 
RA000670 
RAD00680 
RA000690 
RA000700 
RAD0071Q 
RAD00720 
RAD00730 
RAÜ007U0 
RAD007bO 
RAD00760 
PAD00770 
RAD007BÜ 
RAD00790 
RAoooeoo 
RAD00810 
RAD00820 
RAD00830 
RAD00840 
RAD00850 
RAD00860 
RAD00870 
RAD008B0 
RAD00890 
RAD00900 
RAD00910 
RAD00920 
RAD00930 
RAD009U0 
RAD00950 
RAD009bO 
RAD00970 
RAD00980 
RAÜ00990 
RAD01000 
RAD01010 
RAD01020 
RAD01030 
RAD010«»0 
RAD01050 
RADOlObO 
RADÜ1070 
RADOlOßO 
RAD01090 
RADOllüO 
RADülUO 
RAD01120 
RAD01130 
RAD01140 
RADOUbn 
RADOllhO 
RAD01170 
RADOllriO 
RADU1190 
RAD012Ü0 
RAD01210 
RAD01220 
RAD01230 

- 89 



HUU 

401 

CALL XDLKlV 
»AVt = AMAAl (KKtQ) 
lH=PI/MAVt 
H=f-L0A1 (IH)/6.U 
IF (H.üT.1.0)     H=1,U 
HKIIL i 6» 101 ) H» HCUT 
LUtt = (KCUI-KX)/H*0,1 
UO i/b 1=1»LUb 
CALL XHKUT 
CALL WNOHM lKNüHM»KXl 
IF ( 1LNU .tU. 1 )     60 TO 390 
Ml = KM ♦ ^ 
M2 = RM ♦ 3 
Y = KK * KCUT 
CALL bPHUtbtY) 
UO JÖU 1=1>K2M 
Jl   -   LMKdJ ♦ 1 
JiJ = LM1) ♦ 1 
bltl) = HKt • bN(I) ♦ 0(1) • Ü(J1) - 
CK(1) = HKt.   *   Gd) * BIJ2) ♦ SNd) * 
KNM = bOHT I bid) ♦ bid) ♦ CRd) * 
bid) = bid/ / RNM 
CHd) = CKd) / RNM 
CONdNUb 
00 «♦UU K = 1»NK 
1 = Kb(K) 
LTül = LMKö+LKd)+LBtS(K)-l 
IF lMÜU{LrüI»«»).Nt.Ü)     FK(K)=-FK(K) 
KK(K) = KKlK)*KNORMd) 
Uü HU1 K=1»NKP 
1 = KMK) 
LfOl = LMKo+LKd)+Lbb(K)-l 
If- lMüL){LrüT»«*).NE..Ü)     FKP(K)=-FKP{K) 
(-KH1KJ = KKP(K)*RNüHmd) 
CALL HUM 
KtTUHtJ 
LNU 

Fd) * b(J2) 
F(I) * b(Jl) 
CRd) ) 

RA001240 
RAD01250 
RA001260 
RA00127G 
RA001280 
RAD01290 
RA001300 
RAD0131C 
RAD01320 
RA001330 
RAD013«*0 
RAD01350 
RA001360 
RAD01370 
RAD01360 
RAD01390 
RAD01«*00 
RADC1U10 
RAD01U20 
RAD01430 
RAD014U0 
RADOmSO 
RA001460 
RAD01*»70 
RAD01U80 
RA001<*90 
RAD01500 
RA001510 
RAD01520 
RA001530 
RAD01540 
RAD01570 
RAD01550 
RA001560 
RA001580 
RAD01590 
RA0016ÜO 
RAD01610 
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SUBROUTINE RKUT 

Purpose:     Performs the Runge-Kutta integration. The routine uses indexed 

tabulated values of the bound-state wavefunction and the potential 

obtained previously by interpoiai-fon from the Waber output. 

Radial integration is performed up to o maximum of one-half Bohr 

radius. 

Method: Runge-Kutta Integration (Gill Form). A fourth order integration 

f.cheme in which the error in each step is of the order h'', where 

h is the interval size. 

Subroutine called: DERIV 

Subroutine called by: RADINT 

Labelled Common: DFUNC, KÜT, LIMIT, MAT, TAPES 

Local Variables: 

Name Dimens ion Mode Meaning  

J I     Loop index on Runge-Kutta integration 

I I     Loop index on; number of free wavefunctions, 
number of matrix elements K («.H') and 
K (H'H) * 

Z R     Incremental variable for "small" component 
of free electron wavefunction 

ZP R     Incremental variable for "large" component 
of free electron wavefunction 
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(121 

& 

< 

f      Enter RKUT j fpage 1 of 1   ) 

Call svibroutine DERIV to 
compute derivatives 

I 

Loop for 
- Runge-Kutta 

integration 
toayS 

Loorupn wave function: 
  to/l^ 

Compute and add variable increment to 
free electron wave functions and 
their corresponding integration 

storage variables 

I 
Compute variable increment for matrix 

elements then calculate matrix elements 
and their storagevariables for K.^KK") t 

Repeat for the matrix elements 
Kj (H'H) 

I 
Increment radial index in bound 

state tabulation 

I 
Continue 

I  Return   I 

Loop on matrix 
elements ^ 
K (HK') tod21; 

Loop or. matrix 
elements 
K^ (H'K) tofl2?l 

Q^ 



SiHMC  HKUto 
bUBKOUllNb 

r 

i^u 

141 

It* 

10U 

HKUT RKU00010 
KUNGC-KUTTA INTEGRATION RKU00020 

COMMON/UKUNC/F(50)»G(30)»DF(30ltUG(50)»OFK(200)tDFKPC200)#CF(30)»HRKU00030 
COMMON /KUI/KKl(<»)»KK2(H)»RK3(<»)*RK<»(i»)»K<»(<») RKU000UÖ 
C0MM0N/L1M1I/JM»LM»KM»K2M>IENÜ»N£«»NK>NKP>JKB*LMKB»NTAB RKU00050 
COMMON/MAT/SF(30)»b6(30)*FK(200)*FKP(200)»SFK(200)>SFKP(200)»RCUT RKU00060 
COMMON /\W   /AU >üü)»bCF(1500)»FB(1500)»G8(1500).GAMBtSCREEN RKU00070 
UO 150 J=l»4 RKUOOOeO 
CALL ULH1V RKU00090 
UO 12U 1=1f\c  i RKU00100 
I   S KKl{J)*lUF(I)-KK2(J)*SF(I)) RKU00110 
IP  = KK1(J)*(U6(I)-RK2(J)*S6(I)} RKU00120 
HI) = K1)*H*Z RKU00130 
&(1) = 6(1)*H«ZH RKU00140 
bF(l) = bF(l)«3.0*Z-KK3(J)*DF(I) RKUOOlbO 
SG(i) = Sti(I)*3.0*ZP-RK3(J)*DG(I) RKUOOlbO 
UO Idl   t=l»NK RKU0C170 
I   = HM(J)»(üFR(I)-HKiJ(J)*SFK(l)) RKU00180 
f-K(l) = FR(1)+M»2 RKUOOlbO 
SFKli) = b»-K(I)*3.0*2-RK3(J)*DFK(I) RKU002Ü0 
UO 142 1=1*NKP RKU00210 
I  = KM(J)*«UFKP(1)-KK2(J)*SFKP(I)) RKU00220 
FKPd) = FKH(i)*H«Z RKU00230 
SFKK(l) = bFKP(I)+3.Ü*2-HK3(d)*DFKP(I) RKU00240 
NrAb=Nf Ab*K«*(j) RKU00250 
CONUNUE RKU00260 
KEIOKN RKU00270 
LNU RKU00260 
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SUBROUTINE SIHDEX 

Purpose:     To catalogue and index matrix elements consistent with celectior. 

nales. 

Metliod:     Routine exajnines the antoilar momentur. values to find and index all 

the matrix elements compatible with the selection roles and with 

the input cutoff values of the quantum numbers and records the 

free electron H and the photon I  values for each matrix element 

in reference vectors (separately for the two kinds of matrix 

elements). 

Subroutine called: None 

Subroutine called by: PELEC 

Labelled •'*j;.;; : QUMT, VECT, LIMIT 

Local /ariatles: 

Name Dimension Mode Meaning  

I T     Loop index on max H for electron 

K I     Loop index on number of free electron 
states 

L;:UM I     Jt + i , 
H     -K 

LDIFF 1      |iH-^H.| 

L I     Photon angular momentum 

95 



v_ 5/ 

I      L'nter CI].T-E>:        y 

/    SINDEX     "N 
I Page 1 of 2) 

Initialize number of matrix 
elements        Kj {y.v.')     & K^ (H 'K )  to 

7ej 

joop  on I K|  to@ 

Calculate H , £ , i    si«-, of H 

and twice ,i 

E 
Check parity condition 

integer 

Loop on free 
wavefunctions 

to (10, 

I + I    * 1     ,   =  even Yes, Set pnoton 1=0 

I ;:o 
Set photon / = 1 

C 
± Selection rule violated 

Is £ > £ + £ 
H    -K 
P^0 

Compute I i - i  ,1 

c 
T Selection rule violated 

Is photon i  < 

— 1 r 1 1.0 
>^-<E) 

Conditions for K (KK ') satisfied; 
Ju 

increment number of matrix elements 
K; (HK 
index 
K; (HK ' )j record L+l for Kä(HH') 
index for H values in KJ;, (HK

1
) 

/ 

V   Is £  >£-K + A,/   / 

Selection rule violated 

Yes © 
No 

-   Cif; 



r. 
a ' 

(Is i < | i  - X , 1   V 
Yes 

Conditions for K^CH'*) satisfied; increment 
number of matrix elements "^(K'K),  L+l for 
^(K'K) SLnd index for K value of ^(H'K) 

& 

Increment i by 2 (preserving parity) 

C 
I 

(3INDEX  N 
Page 2 of P.J 

Selection rule violated 

Is new | ^ max l  for photon 

>> 

I No 

■/—;—) \ Continue J 

c Return 
) 

<s> 

Repeat for new / 

y^-<z) 
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SIB»-IC SIND 
bUbHOUUNt blNDLX SNO00010 
C0MM0N/QUANI/LK(3U) »LMMJO) »JK(30)»FKAP(30) »SN(30)»Sn30)»CR(30) SNO00020 
tOMMON/VtCT/RF(200)»KG(2üO) tLBES{200)» LBS(200) »LKB SNO00030 
tOMMON /L1MIT/JM»LK»KM»K2M» IEND»NEW»NK »NKP» JKB 'LMKB'NTAB SNO000«*0 
NK=Ü SND00050 
NKH=U SND00060 
UÜ b l=l»KM SN000070 
K=Ü*I-1 SND00080 
J=K+1 SN000090 
»-KAP1K)=-1 SND00100 
f-KAKUirl SND3Ö110 
LKU)=1-1 SN000120 
LK(J)=I 5N000130 
LMMIU=I SNDOOlfO 
LMK(J)=1-1 SN000150 
bN(^»=-l.U SND00160 
bN«J)=l.U SND00170 
JK(K)=LK(K)*LMK(K) SNOOOltiO 

b JK(J)=JK<K) SNO00190 
DU 1U K=lrK2M SNDÜ0200 
LbUM = LK{K)+LMKH SND00210 
IF (MUUCLbUM»«;) ) 3bt3U»Jb SND00220 

6U   L=U SN000230 
bO 10 4Ü SNDOOa^O 

Jb L=l SN000250 
3b IF IL.OT.LbUM)     GO TO Hb SNO00260 
•♦U LUH-t-   -   IAdb (LK(K)-LMKB) SND00270 

IF IL.LT.LU1FF)     GO TO U5 SND002S0 
NK=NK+1 SND00290 
LbtblNK)=L*l SND00300 
K6(NM=K SND00310 

Hb Lr=LMKlK)+LKb SND00320 
IF IL.bT.Ll)     GO TO bU SND00330 
LU=1Abb(LMK «K i-LKb J SNO00340 
IF IL.L1.LUJ     GO Tu bü SND0035Ü 
NKH=NKP+1 SND00360 
LbbtNKP)=L+l SND0037n 
KF(NKK}=K SND00380 

bU L=L+^ SND00390 
IF IL.Lt.LM)     Ü0 TO bb SN000100 

iU COfJllNUt SNOOC+IO 
HtruKrj SNDOO^^O 
LNU SND00130 
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SUBROUTINE 3PKBES 

I  i; 

Purpose:    Computes the values of the spherical Bessel function. 

Method:     The zero order function is obtained as sir. R/R. For small 

argument the higher order functions are calculated from the 

power series expansion. For large argument, the first order 

function is computed from its explicit sinusoidal representation 

and the remaining ones obtained by recursion relations. For 

intermediate argumei,'-~ . the lower order functions are obtained by 

recursion, the higher order by nower series. 

Subroutines called: None 

Subroutine called by: DERIV, XDERIV, RADINT 

Labelled Common: BESSEL 

Argument sequence:  (R) 

Argument List: 

Name Dimension Mode Meaning  

R R     Bessel function argument; photon momentum 
* radius from DERIV, XDERIV; free electron 
momentum x radius from RADINT. 

k 

Local Variables: 

Name      Timension Mode Meaning 

NR 

L 

SER 

TER 

I     Defines transition from power series to 
recursion. 

I     Loop index on calculating Bessel function, 

R     Partial sum of power series expansion. 

R     Last term of series expansion. 

QQ 



Loop on transition 
value to('iis    - 

€> 

(      Enter L?HBES   j 

(SPHBES   ) 
Page 1 of 2y 

Compute zero order 
Sessel function 

C 
I 

Is largest order Bessei 
function needed = 0 

I 
P-© 

;.0 

Compute fixed point value 
which determines transition 
from power series to recursion 

c i 
Is this transition value < 2 

I 
y-^-@ 

uc 

Compute 1st order 
Roggpi guactioa 

c I 
Is largest order Bes 

function needed 

( 

I 
essel   ^\    Yes f77\ 

No 

Is power series transition \ Ye 
value > largest order 
 Reasel funntinn 

Set transition value = 
largest order 

Zl  
:JO 

Compute Bessei functions 
bv reciu-sion 

G 
1 

s transitional value 
minus largest order 

Set transition value = 2 

1 

finished 

Compute intermediate variable 

I 
Compute Bessei function by- 

power series expansion 

Loop from transition 
value to largest 
order Bessei function 

+ 1 to/T= 
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• 

f  SPHBES      \ 
lPage2of2/ 

I. 

14 

€> 
0- 

Compute next term of series then add 
to previous terras to get partial sum 

G 
I 

Is last term of series > 10"6    | Yes »- (v^\ 
times partial sum of series       /    ^Vw-^ 

No 

Calculate Bessel function 
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»1BMC bKHÖ 
bUbKÜUUNt SHHbtS (K) 

C     bHHtKKAL ÖtbbtL FUNCTION 
CüMMüN/btbi>tL/f-L(lb)»PCUb)»0K(15»l!>)»Ml»M2»B(15J 
OH S l.U / K 

= blNlH) ♦ OR 
Ml .LO. 1 )       (»0 TO 16 
H ♦ Ü.U 
NH .Ll. iJ ) 
= 1 HU) - Cüb(H) 
Ml .tu. ^ ) 

11 

m 

lä 
lb 

U(l) 
IF t 
NH 5 
If-    ( 
»(^) 
IF l 
IF l NK .61. Ml 
UÜ 11 L = ti   NK 
B(L*1) = FL(L) ♦ 
IF l NK - Ml ) 
NK = iJ 
MAb = U.b • K • R 
ÜO lt> L = HK» M«: 
J = U 
btK = 
ItK = 
J = J 
ItK = 
btK = 
IF 1 

60 TO 12 
) • OR 
60 TO 16 
NK=M1 

Bit) »OR - b(t-l) 
1J.16»16 

l.U 
l.U 
♦ 1 
- TtK « HAS ♦ ÜFlt.J) 
StK ♦ TtK 

AbS(rtK) .6T. 
B(U = 
KtlUKN 
ttJU 

SEK * HtlU 
0.UUÜ001 * 
{ K**(t-1) 

ABS(SER) 
) 

) ) 60 TO !«♦ 

SPH00010 
SPH00020 
SPH00030 
SPHOOO<»0 
SPH00050 
SPH00060 
SPH00070 
SPH00080 
SPH00090 
SPH001U0 
SPH00110 
SPH00120 
SPH00130 
srHoomo 
SPH00150 
SPH00160 
SPH00170 
SPH00180 
5PH00190 
SPH00200 
SPH0C210 
SPH00220 
SPH00230 
SPH002U0 
SPH00250 
SPHOG2bO 
SPH00270 
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SUBROUTINE WN^RK 

« 

Purpose:    Compfutes the normalization factors for the free-electron wave- 

function after termination of the numerical integration. 

Method:     The normalization factors are determined by a matching to the 

W.K.B. solution. Derivatives of the potential in the W.K.B. 

expression are obtained from a numerical fit of an exponential 

to the screening function (ratio of screened to unscreened 

potential) at the cutoff radius. When the W.K.B. conditions 

fail (vanishing kinetic energy and high angular momentum), the 

normalization factor of the previous wavefunctions is used. 

Subroutine called: None 

Subroutine called by: RA.DINT 

Variables in unlabelled Common: PI, HALFPI, F0ÜBPI, RAD, SQ2, Q, ZA, ZAZA, 

EFN, EGN, V, CG, GAM 

Labelled CMsnon: DFUNC, LIMIT, TAPES 

Argument sequence:  (RN RM, RX) 

Argument List: 

Name Dimens ion Mode Meaning  

mpm                50 R 

RX P 

Local Variables: 

Name      Dimension Mode 

Normalization factors 

Terminal radius on numerical integration 

Meaning  

0VERR 

EMVP1 

EMV 

0RIGH 

I 

R Reciprocial of terminal radius 

R Free electron energy - potential energy + 1 

R Free electron energy - potential energy 

R Radial grid interval 

I     Loop index on number of free electron 
states 
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Name Dineusion Mode Meaning 

RA, RB R 

EP 

PSQP 

R     Tabulated VBlues of screening factor 
at grid points bracketing terminal radius 

R     Screening attenuation coefficient 

R     ?c  in W.K.B. solution 

R     Derivative of P^ 

10l4 
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i 

.■'■■". ; 

t 

i Enter WNORM   ) 

 1  
Compute intermediate 

variables 

I 
Compute radial 
grid interval 

E 
Compute intermediate 

variables 

I 
Compute:    Screening 
factor, P2 in W.K.B. 
 snliitinn  vlntif 

|     Is P2 s reciprocal of        V 
V    cut-off radiiLs soimred       7 

.*o 

Calculate normalization 
factor 

5 
0 < Is this the first 

\rave function 

I 
> 

Z"  WNORM "N 
^Page 1 of ly 

Loop on free 
wave function 

to0 

Yes 

No 

Yes 

Set first normalization 
factor = screening factor of 
outermost bound electron 

O 

<D 

« 

O-i 
G> 

Normalization factor = previous 
normalization factor 

I 
Continue 

T 
I  Return  J -  105 - 



SlttMt   WNUK 
bUBKOUTlNt   MNOKM   (KNORM»RX) WNR000I0 
COMMON Hl.MALFPI»FOÜHHl»RAD»SO2»Q»ZA»2A2A»EFN#EGN»V»CGC30)»GAMC30)WNR00020 
COMMON/UFUNC/F(30)»b(3U)»DF(30)»06(30)*DFK(200)»OFKP(200)»CF(30)»HWNR00030 
C0MM0N/L1MIT/JM»LM.KM»K2^.IENÜ»NEW»NK»NKP»JKB»LMKB»NTAB 
COMMüN/TAKti>/Xll50ü) »SCK1S00) »FB( 1500) »GB( 1500) »GAMB»SCREEN 
UlMtNblON   KNOKM13Ü) 
OVtKK   =   1.0   /  RX 
0VRH5U = OVbRR*OVEKH 
tMVKl = EGN-V 
tMV = LMVHl-l.U 
T = -V/tMVHl 
UHlbM = X(NTAb+l) - X(NTAB) 
DO -3 l-l'*dM 
PK =  CF ( 1 ) 
J-KbÜ = PK*IKK*.:.Ü) 
hK« = PK ♦ OVtHH 
hOH   = eKb(J ♦ OWHRbü 
KA = bLt- INF Ad) 
KB = btF(NIAü+lJ 
tP = ALO(j»KA/Hb)/OHIGH 
VI = tK ♦ JVLKK 
Vi = VI • VI ♦ ÜVKHSÜ 
V3 = Vi ♦ ViJ ♦ Z,ü   *   OVRHSQ 
VIA = Vl«Y 
V^X = Vif«T 
VXbU = VlX * V1X 
(-KVK = VlX»t-KK 
KbU = LMV ♦ LMV - 1 
IF (KbU.LL.ÜVHHbQ) 
HbUP = 2.Ü • E.MV • V 

♦ (VI ♦ OVERR) 

0 ♦ FKVR - 0.75 ♦ VXSO ♦ 0.5 ♦ V2X - FOR 
GO TO 1 

• VI ♦ (FKH - 1.5*V1X) * VXSO ♦ 2.0* VlX* 
1     - U.b » V,i » Y - ÜVEHR ♦ (FKVR ♦ PK*V2X - 2.0*FOR) 
IEKMJ = (»(l)*(U.b»VlX-f-KK+ü.2b*(PSQP/PSQ))+F(I)*EMVPl 
A = tPl/(bvjHT (PbQ)*EMVPl))*(PSQ*G(I) "Gd) ♦TERM3*TERM3) 
KNOKMil) = l.U/bQRT (A) 
bO lü J 
ih (i.bT.U     6U TO 2 
K.-jOKMCDzbtkLLN 
00 (U J 
KNUK^(1)=KNUHM(I-1* 
CONllNUt 
KtfUKrj 
LNU 

WNR000UÜ 
WNR000S0 
HNR00060 
WNR00070 
WNROOOBO 
WNR00090 
WNR00100 
WNR00110 
WNR00120 
WNR00130 
WNROOmO 
WNR00150 
WNR00160 
MNR00170 
WNROOiaC 
WNR00190 
WNRG02U0 
WNR00210 
MNR00220 
MNR00230 
WNR00240 
WNR00250 
WNR00260 
WNR00270 
MNR00260 
WNR00290 

V2XWNR00300 
WNR00310 
WNR00320 
WNR00330 
WNR003U0 
WNR00350 
WNR00360 
WNR00370 
WNRü03aO 
WNRÜ0390 
WNR00400 
WNR00110 
WNR00H20 
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SUBROUTINE XDERIV 

Purpose:    Supplies the derivatives for the Runge-Kutta integration of 

the bound-state wavefunctions and  the integrands of the matrix 

elements for numerical integration beyond one-half Bohr radius. 

Method:     Calculates the derivatives of the radial components from the 

coupled Dirac radial equations and the integrand of the matrix 

elements using values obtained by linear interpolatinn on the 

Waber grid of bound state wavefunctions. 

Subroutines called: SPHBES, INTERP 

Subroutines called by: XRKLT, RADINT 

Labelled C ommon: BESSEL, DFUNCT, LIMIT, 0rJWARD, VECT 

Local Variables: 

Name   Dimension Mode Meaning  

i 

Z 

N 

R     Photon momentum *  radius 

I     Indexing variable 

t 
10? 



& 

©• 

c Enter XDERIV 
I 

) 

(XDERIV  "N 
Page 1 of l) 

Used in conjunction with XRKUT for 
integration beyond l/2 Bohr unit 

C 
I 

Is integration flag 

I IE>Jt£^© 
No 

Set flag = 0 

Compute potential and Bessel 
  functions  

Set flag = 1 

Calculate derivatives of 
wave functions 

1 
Calculate integrand of matrix 

elements for K (KH
1
) 

I 
Calculate integrand of matrix 

elements for K. (H'K) 
X 

PS 
l  Return j 

all subroutine INTERP ti 
interpolate values of 

potential, major & minor 
components of wave 

functions  

Loop on free wave 
functions to, 55 

Loop on matrix 
elements to' ho\ 

Loop on matrix 
elements toAlN 
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SlttMC   XOtH 
büttKUUliNt 

r 

i 

XDtHIV 
COMPurtb DtRIVATIVES 

COMMON Pl»MALFHI»FÜUHHi»RAÜ»SQ2»O.ZA.ZA2A»EFN»£6N»V#CG(30 
t0MMON/btbbtL/FLllb)»HC(15)»0F(lb»15)»Ml»M2»B(x5) 
COMMON/DFUNC/F(30)»&(3U)»OF(30)»OG(30)»DFK(200)»DrKP(200) 
tOMMüN/LIMiT/jM.LM»KMfKÜM#ItNÜ»NtW»NK#NKP»JKB»LMKB»NTAB 
COMMON /ON»AKÜ/HX»bCXfGÖX»FBX 
COMMON/VLCI/KF(200)tKO(200)»LbES(200)»LBS(200)»LKB 
IF (NtM.bQ.U)     GO TO 30 
NLW = U 
CALL INTbKK 
V = - SCX / KX 
iSO*HX 
CALL bKHBtb (Z) 
GO 10 ^1 

3U NE* = I 
31 UÜ 3b N=1»K2M 

UFIN) = tF(N)*KN)/KX-(tFN-V)*G(N) 
^t> ÜG(N) = Cb(N)*G(N)/KX+(tGN-V)*F(N) 

UO HU N=1»NK 
1 = IVG(N) 
L = LbLb(N) 

HU UFK(N) = b(L)*G(I)-r»-bX 
UQ •♦I N=1»NKP 
i = KKN) 
L = LHb(N) 

"♦1 UFKK(N) = b(L)»F(I)*bbX 
KEIUKN 
ENU 

XÜR00010 
XOR00020 

)»GAM(30)XDR00030 
XDROOOfO 

»CF(30)»HXDR000b0 
XDR00C60 
XOR00070 
XDROOObO 
XOR00090 
XOROOlüO 
XDROOUO 
XOR00120 
XDR00130 
XDR001U0 
XDR00150 
XDR00160 
XDR00170 
XDR00180 
XDR00190 
XDR0n200 
XDR00210 
XDR00220 
XDR002.50 
XDR002un 
XDR0025C 
XÜR002Ö0 
XDR00270 
XOR002Ö0 
XDR00290 

} 
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SUBROUTINE XRKÜT 

Purpose: Performs the Runge-Kutta integration for radial values beyond 

one-half Bohr radius. The routine jses linearly interpolated 

values of the bound-state wavefunctio..s and the potential. 

Method:     Runge-Kutta Integration (Gill Fora) 

Subroutine called: XBSRIV 

Subroutine calle^ jy: RADIHT 

Labelled ^.onmon: DFJNC, KUT, LIMIT, MAT 0NWARD 

LocauL Variables: 

Name Dimension Mode    Meaning  

J I     Loop index on Runge-Kutta integration 

I I     Loop index on; number of free wavefunctions, 
number of matrix elements K (KH-

') and K (H'K) 

Z R     Incrementa.'. variable for "small" component 
of free electron wavefunc:ion 

ZP R     Incremental variable for "large" component 
of free electron wavefunction 
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r12tf 

1121 

122 

©" 

(        Enter XRKUT J 

E 
This routine is used for Runge- 
Kutta integration beyond one-half 

Bohr radius 

( 

I 
Call XDERIV tc 

calculate derivatives ) 

I 
Compute and add variable increment to free 

electron wave functions and their 
corresponding integration storage variables 

I 
Compute variable increment for natrix 

elements then calculate matrix elements and 
their storage variarles for K (**') 

z 
Repeat for the matrix elements 

Kji (H'H) 

I 
Increment interpolating 

radial value 

H 
I 

Continue 

f    Return   J 

XRKÜT 
Page 1 of 1 

Loop for Runge- 
Kutta integration 
to ^O 

Loop on wave 
ictions to 

Loop on matrix 
elements  ^ 
Km  (HH') tof121' 

Loop on matrix 
elements 
K (X-'K) to 122 

112 



( 

ftitfML   XKKU 
bUttHOUlINt XHKUT 

^   t HÜNGE-KUT1A INTEGKATION 
f .        tO«MüN/üfUNC/FC30)»6(30)#OP(30)»06(30)»DFK(200)»DFKP(200)»CF 

COMftON /KUr/ KK1(H)»NK2(<»)#RK3(<*)*RK<I(<»)»K<»(<») 
COMMUN/LlMir/JMfLM»KM*K2M*XENU»NEli»NK*NKPfJKB*LMKB»NTAB 
COMMON/MAr/SF(30)»S6(30)»FK(200)»FKP(200)»SFK(200)»SFK?(200) 
COMMUN /0NMAK0/KX»SCX»6BX»FBX 
UO 1*0  J'ltt 
CALL XUfcKlV 
UO 1^U 1=1»K2M 
I  = KK1(J)*(ÜF(I)-KK2(J)*SF(I)) 
^M = KKl(J)*(l}6(I)-NK2(J)*b6(I)) 
Kl) = K1)*H*Z 
b(lJ = 6(I)«H*ZH 
♦>FliJ = SF(l)-f3.U*Z-HK3(J)*OF(I) 

l^U b6U) = Sb(l»+J.0*Z>J-RK3(J)«O6(I) 
uu i<:i 1=1 »NK 
Z = KKl(J)»'üFK(I)-HK2(J)*SFK(I)) 
KKll» = FK(1)*M*2 

l«:l SFK(l) = b>-K(lJ*J.U*Z-KK3iJ)*üFK(I) 
Ü0 1^2 1=1»NKK 
^ = KKl(J)*(L)FKH(I)-KK2(J)*SFKHa)) 
»•KK(l) = f-KH(l)*H*Z 

1«J2 SFKKtl) = SFKH(1)+3.Ü*^-HK3<J)*DFKP{I) 
KX = KX*NKmj)*H 

1JU LONI1NUL 
KtlUKN 
LNU 

XRK00010 
XRK00020 

(30)»HXRK00030 
XRK000<*0 
XRK00050 

»RCUT XRK00060 
XRK00070 
XRK00080 
XRK00090 
XRK00100 
XRK00110 
XRK00120 
XRK00130 
XRK00140 
XRK00150 
XRKOOlbO 
XRK00170 
XRK00180 
XRK00190 
XRK00200 
XRK00210 
XRK00220 
XRK00230 
XRK002^0 
XRK00250 
XRK00260 
XRK00270 
XRK002eO 
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